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CHAPTER I 
STATEMENT OF THE PROBLEM 
Measurement of any kind involves the use of some units 1 in 
terms of which the magnitude of the measured quality is to be 
expressed. In a mental test the units are usually ~epresented 
by the individual questions or items which are or are assumed to 
be equal with respect to the trait measu~ed. Equal weighting of 
items facilitates scoring and interpretation and is therefore 
striven for in test construction. A test score arrived at by 
conventional unitary weighting (giving a credit of one for pass-
ing and zero for failing) can be considered meaningful and 
appropriate only to the extent to which the units (items) in the 
test are actually equal and appropriate for the purpose at hand. 
An educational test is 1 however, often used for many purposes 
which may be quite different from the one for ~hich it was origi-
nally constructed. It is obvious that the relevance of the 
individual test items will change with changes in the purpose 
of measurement. It seems therefore theoretically justifiable to 
use differential weighting of items in accordance with cha:r:J.ges in 
the objectives of measurement. 
Educational tests are used for two purposes: {1) to indicate 
past achievement and (2) to predict performance at a later date. 
Whenever a test of the former type is used in prediction1 it is 
reasonable to assume that certain items will be bette~ predtctors 
. ' 
of the criterion on hand than others, and that~ to achieve maximum 
prediction# the test should be scored accordingly. The problem of 
this study is to discover the effectiveness of the Essential High 
y' . 
School Content Battery., which was originally constl:'ucted to mea·s-
ure achievement in the four major areas of high-school instruction., 
to predict college success. And, making use of the inequality of 
units with respect to difficulty 1 attempt differential weighting 
of items to discover to what extent one could improve the predictive 
power of the Battery. Since test items and their components can be 
thought of as messages receiving different probabilities of·choice., y 
the mathematical theory of communication and infor.mation seemed 
applicable to this situation. The theory advances a measure ot 
information based upon the amount of choice or uncertainty which 
is present in a specific situation. Since a measure of choice or 
uncertainty can be interpreted as a measure of difficulty of a 
mUltiple-choice item., it seemed justifiable to re-examine the 
problem_ of 1 tem weighting in the light of this theory.·· 
• Considerations of validity.-- In a prediction study the 
problem of validity must be approached from two aspects. It is 
necessary to consider {1) to what extent the test score reveals 
Y D. P. Harry and W. N. Durost 1 World Book Company,~ Yonkers-
on-Hudson,~ 1951. 
g/ c. Shannon and w. Weaver, The Mathematical Theory of Commu-
nication, The University of Illinois Press, Urbana, 1949. 
true ability, knowledge or skill, and (2) to what extent the 
perrormance on the test is relevant to the performance to be 
predicted. Evidence of both aspects of validity are of two 
kinds - logical and statistical. Considering the manner in y 
which each subtest of the Battery was constructed, the Battery 
10 
can be said to possess logical {in this ease curricular) validity 
for the purpose for which it was originally constructed. To use 
the Battery in predicting college success is to assume that the 
Battery contains the major determinants of success in college, or 
more specifically, in the freshman year. This study is to deal 
with students of the Universities of Maine, New Hampshire and 
Vermont respectively. Examination of the freshman curricula in 
all three institutions revealed that the required courses include 
English in all instances and courses in one or more of the other 
major fields of instruction, namely Mathematics, Science and Soc-
ial Studies. The Battery can therefore be regarded as a logically 
valid predictor of college success to the extent to which {l) the 
test scores reflect true differences in scholastic achievement, 
{2) the objectives of college instruction in the four areas meas-
ured by the Battery are the same or related to the objectives of 
high-school teaching, and {3) the objectives of college instruc-
tion are properly evaluated and their attainment appropriately 
represented by the conventional numerical grades. 
Success in college can be regarded as more difficult 
!/ D. P. Harry and w. N. Durost, Essential Hi~ School Content 
Battery - Manual of Directions, World Book Company, Yonkers-on-
Hudson, 1951 1 pp. 2-4. 
achievement than success in high-school. It can be assumed that 
the most difficult items in the Battery will be passed only by 
the best students. T.he foregoing considerations led to the 
following hypothesis which this study is to investigate, namely: 
"The most difficult items in the Battery are the ones which are 
most predicti'Ve of college success.- If the tests are scored in 
such a way as to take item difficulties into consideration,·more 
I 
valid total scores will be obtained." Three scoring metliods were 
tried out in the study. In addition, methods of scoring which 
I . ' 
may counteract the effect of guessing are suggested. All scoring 
methods were developed by application of the information theory 
mentioned above. Evidence as to statistical validity of the 
scoring methods is given in Chapter IV. 
Considerations of reliability.-- The accuracy of prediction 
is limited by the reliabilities of the measures through which the 
performance is manifested. The reliabilities of the subtests of 
the Battery will be examined in order that it may be seen to 
which extent an imperfect correlation between test and criterion 
is due to lack of overlapping in function and the extent to which 
it is due to lack of precision of measurement. If the different 
scoring methods are shown to decrease reliability of measurement, 
they are not justified. Neither can they be justified if they 
increase reliability alone at the exPense of validity. 
1 The criterion.-- The criterion -the first semester grade-
point average -will be considered as a working criterion rather 
than a ultimate or fully representative measure of college 
11 
success. Since it is based on a iimited number of observations, 
its reliability (which is also its validity) might be questioned. 
Although its unreliability will influence the effectiveness of 
prediction, students are excluded or not excluded from further 
studies on the basis of their grade-point averages without regard 
to their reliability. Therefore, for the purposes of this study, 
this criterion can be regarded as valid. 
Idmitation.-- Inasmuch as an existing test is being used in 
this study, whose items have not been so constructed as to make 
maximum use of the theory applied, the conclusions which wiil be 
derived from the study cannot be generalized to other types of 
testing situations. The ultimate proof of the applicability of 
information theory to educational measurement cannot be achieved 
until tests are so constructed as to make maximum use of the 
principles implied. 
12 
CHAPTER II 
REVIEW OF RESEARCH 
l. Purpose of Item Analysis 
Educational and psychological tests should be valid and 
reliable. There is a~ost universal agreement that to make them 
so, the test constructor has to select very carefully those items 
Which are to compose the tests. "The chain is as good as its 
weakest link" seems to be applicable to this situation. If items 
do not have certain desirable characteristics, no combination of 
them will make a good test. The question then becomes: What are 
the desirable chara.eterist.ics of test items,. and· why are they 
considered desirable? And, having obtained them for a set of 
items,. which items should be retained and which ones discarded in 
order to build a "goodu test for our purpose? 
The function of a test item.-• The major purpose of a test 
is to rank a group of individuals along a seale of ability in the 
area measured. It is logical to state that each item should eon-
tribute its maximum share to discriminating between subjects of 
superior ability and those of inferior ability. A test item does 
this perfectly if all the "bestrt subjects pass it and all the 
"poor" subjects fail it. And,. eonversely,. an item answered 
correctly by everybody or missed by everybody in the group is 
obviously of no value in achieving the purpose stated above. It 
is apparent~ then~ that at least two item characteristics enter 
the picture: (1) item discriminative power~ and (2) item di.f.fi-
culty. 
Discovering item characteristics.-- Two approaches to this 
problem can be distinguished; the intuitive and the empirical. 
The .former consists of judging the "goodness11 of an item by in-
spection, the latter method involves a tryout of the item on a 
sample of subjects. Research and common sense speak in favor of 
14 
the latter method which has been largely employed in modern test 
construction. The values and limit~tions of item analysis as well 
as the faults and merits of the various item indices have been 
1,2,3,4/ 
treated in detail by many outstanding workers in the field 
and need not be treated here. Neither is there room for listing 
and comparing all of the methods used to obtain various indices 
of item characteristics. The reader is referred to reviews such 
1} H. Gulliksen, Theory of Mental Tests, J. Wiley & Sons, Inc. 
New York, 1950. 
2/ P. Horst, 11 Item Analysis by the Method of Successive R!!siduals", 
'tournal of Experimental Education, (1934) 2;254"!'263. _ 
( 
3/ M. w. Richardson nNotes on the Ratio.nale of Item. Analysisn, ~sychometrika (1936) 1:69-76. 
y E. F. Lindquist, and w. w. Cook, "Experimental Procedures in 
Test Evaluation", Journal of Experimental Education {1933} 
l :163-85. 
""-l.b 
!I y y 
as by Lentz, GUlliksen or Davis. Other studies pertaining 
to the subject of item analysis will be found in the Bibliography 
of this study. The purpose of this discussion is merely to clal'i-
fy the concepts used and to point out the logic underlying item 
analysis. 
The item discrimination index.-- There are essentially two 
kinds of this index. If the total test score is used as a basis 
for evaluating the item6 the index is called the internal consis-
tency index and is an indication of the extent to which a 
particular item measures whatever is measured by the test as a 
whole. A test compose~ of items having high internal consistency 
indices is said to be homogeneous with respect to the trait 
measured. In such a test, item interoorrelations tend to be high 
and the test tends to be more reliable, often at the expense of 
validity. Thus, the test'may be found to measure more reliably 
the wrong thing. If an outside criterion is used to evaluate the 
flgoodness" of an item.; the discrimination index thus obtained can 
be ealled the validiti index in the proper sense of the word. 
This index bas been employed less not because it would be less 
valuable 1 but because it is extremely difficult to obtain .sui table 
outside criterion variables. 
JJ T. F. Lentz, "Evaluation of Methods of Evaluating Test Items,n 
dournal of Educational Psychology (1932) 23:344-350. 
2/ H. Gulliksen, Theory of Mental Tests, J. Wiley & Sons, Inc., 
'R'ew York1 1950. 
3/ E. F. Ldndquist, Editor, Educational Measurement, American 
'Crouncil on Education, Washington, D. c., 1951 1 Chapter 9. 
The difficulty index.-- The difficulty of an item has been 
· ·generally defined as the proportion of individuals marking an 
item correctly. The rationale of computing difficulty indices 
is ·the assumption that the fewer people mark an item correctly, 
the more difficult it must be. 
There is no apparent reason ·for assuming any relationship 
between the discrimination index and the difficulty index of each 
item. Theoretically, an item of any difficulty may have any de-
gree of discriminative power. 
18 
Having· obtained each item's discrimination and difficulty 
index, we are confronted with the third problem mentioned above, 
namely: Which items should be retained and which .discarded? The 
reader is again referred to various theoretical and practical 
considerations of the problem which have been included in the 
Bibliography under the general heading of Validity and Reliability. 
All the discussions seem to point to the general conclusions that 
(l) an ideal selection of items for a given situation is possib.le 
and (2) that the more one knows about the characteristics of the 
group to be measured, the more ffideal" the item selection can be. 
It is apparent from the preceding discussion that (l) item 
analysis is essential for constructing better tests, and that (2) 
while not the end in itself, item analysis is an important means 
without which the end cannot be achieved. 
2. Purposes and Methods of 
Item Weighting 
After item selection has been completed, the retained items 
will still difrer from one another in various ways. They will 
dirfer with respect to internal consistency and (or) validity for 
the particular purpose for which the test is to be used. There 
will be also dirferences with respect to difriculty, content and 
with respect to the tasks required to arriv.e at the correct answer, 
It must be remembered that an educational test is not comparable 
to a measuring stick or to some other physical measurement employ-
ing equal units. Yet, When an educational test is scored, it is 
customary to give a score or ! for each correct response and a 
score of £ for each incorrect one witho~t regard to the character-
istics of the items passed or failed. There have been attempts to 
devise schemes by which one would assign different weights to items 
·in accordance with their validity, difficulty, importance in the 
composite or other characteristics. The purpose of such attempts 
was to discover whether d1 frerential weighting will increase the 
validity and reliability of each individual score. 
1,2,3,4,5/ 
Some investigators attempted to weight items in 
1 M. A. Dtii>ea, "Significance of Weighted and Unweighted Items in 
Differentiating Between Groupsn 1 J"ournal of General Psychology, (1948) 38:217-227. 
y J. G. Peatman, "The Influence of Weighted T-F Test Scores on 
Grades 11 , Journal of Educational Psychology, (1930) 1 21:143-147. 
y E. H. Staffelbach, "Weighting Responses in True-False Exami-
nations", Journal or Educational Psyehologr (1930) 21:136-139. 
4/ J. Lev, nEvaluation of Test Items by the Method Qf Analysis of 
V'ariancett, Journal of Educational Psychology (1938), 29:623-630. 
5/ T. L. Kelley and A. c. Krey, Tests and Measurements in the 
~ocial Sciences, Report or the Commission on fhe Social Studies of 
the American Historical Association, P.IV., Oh. Scribner's Sons, 
New York, 1934. 
18 
terms of their validity. The items of the Strong Vocational y 
Interest Inventory, for example, have been so weighted. Validity 
of each item was defined as its power to discriminate between 
interests of persons in a certain occupation and those found among 
people outside that particular occupational group. 
. . gj y 
Others, like Corey or Pothoff and Barnett weighted items 
.in terms of their judged importance for the subject measured, and y, 
Soderquist weighted items in a true-false test in terms of the 
assurance with which each subject responded to the item. Since 
the object of this study is to weight items with regard to their 
difficulty, only those studies which used the same basis for item 
weighting will be discussed here in more detail. 
A. Methods of weighting. 
The Probable Error weighting method.-- This old method is 
.·y 
described in more detail in Hotz. The P.E., {probable error or 
· median deviation) is used as a unit of measurement. The method 
assumes that (1) ability of students to answer an item is dis-
1 E. K. Strong, Vocational Interest Blank for Men-Manual,. 
tan:ford UniV'ersity Press, Stanford University, California, 1945, 
p. 7-:s.· 
2/ s. M. Corey, nT.he Eff'ect of Weighting Exercises in a New Type 
!'xamination'', Journal of' Educational Psychology (1930), 21:383-
385. 
3/ E. F. Pothoff' and N. v. Barnett, ncomparison of Marks", 
Journal of' Educational Psychology (1932) 1 23:92-98. . 
y H. 0. Soderquist, "New Method of' Weighting in a True-False 
Test", Journal of' Educational Research (1936} 30:290-292. 
5/ H. s. Hotz, First Year Algebra Scales, Teachers College 
Contributions to Education No. 90, Teachers College, Columbia 
University, New York, 1918, PP• 62-70. 
tributed according to the normal surface of distribution, and that 
(2) variability of any sample is equal to the variability of any 
other sample similarly selected. An item which is solved by 50 
per cent of the group represents median achievement. An item of 
19 
25 per cent difficulty {being just + 1 P.E. above the median) is 
considered to be just one unit more difficult than the former item. 
After the di.f'f'iculty indices of all items are known, the deviation 
of' each item in per cents from the median can be ascertained. Such 
values are then translated into P.E. distances .from the median 
achievement of' the group• This locates. each item a speci.f'ied 
number of' units above or below the median. In order to assign 
weights to eaeh item, an arbitrary zero point is established 
(representing zero achievement) and the distance of' eaeh item's 
seale value from this zero point is computed. Then the range of' 
these distances may be divided arbitrarily into as many parts as 
many dif'.f'erent weights the investigator wishes·to use; .for example, 
if' it is desired to weight items with 1,2,3,4, and 5 points, the 
range is divided into five parts.. Items closer to the zero point 
get lower wei~ts and vice versa. This method was later refined y ·. 
by Thurstone and appears .to be satisfactory for scaling pur-
poses, but as far as weighting is concerned,. it seems to require 
too much labor; the use of the method is also limited by its many 
assumptions which are not always justified. Another limitation 
is its dependence upon an arbitrarily established zero point. 
1 L. L. Thurstone, "The Unit of Measurement in Educational 
cales", Journal of Educational Psychology (1927),. 18:505-524. 
20 
. . y y 
This method was used in the studies done by Charters, Hotz y 
and probably also by Douglass and Spencer • 
. The "percentile" method.~• This method seems to be compara-
ble to the previous one. It uses standard deviations as units of 
measurement and sets the,mean instead of the median at the 50 per 
. y 
cent difficulty level. It was described more explicitly by Rugg. 
The author presents a table from which-one can read off the weight 
or percentile score for each item knowing the per cent of pupils 
who failed that item. The table is supplemented with a legend 
which says: 
-"The table is based upon the area of the normal 
probability curve, assuming the base line to be broken off 
at + 2.5 sigma. Scholastic abilities are assumed to fit the 
prooability curve and the per cent of pupils who solve 
various problems correspond to the percentages of area under 
the curve from the zero point to a point on the base line • 
. This point on the base line 1 measured in units of sigma, is 
transformed into percentile scores by setting zero at - 2.5. 
sigma, 50 at the mean, and 100 at .J. 2.5 sigma." 
This method could be criticized at the same grounds as the §/ 
previous one. It was used with some modifications by West. 
i} w. w. Charters, "Constructing a Language and Grammar Scale", 
J'ournal of Educational Research (1920), 1:249-257. 
2/ H. s. Hotz 1 First Year Algebra Scales, Teachers College ~ontributions to Education No. 90, Teachers College, Columbia 
University, New York, 1918, PP• 62-70. 
3/ H. R. Douglass and P. L. Spencer, "Is it Necessary to Weight 
'l'easures in Standard Tests?", Journal of Educational Psychologz 
(1923), 14:109-112. ' 
4/ H. s. Rugg, Statistical Methods Applied to Education, Houghton 
Mifflin Co., Boston, 1918. . . 
5/ P. V. West, "Significance of Weighted s_cores", Journal of 
~ducational Psychologr {1924), 15:302-308. . 
21 
The "ratio-to-average-difficulty" weighting method.-- This 
11 
method is described by Stone. After the per cent of passing for 
each item has been computed# the average difficulty level is as-
certained and each item is weighted as the ratio of its difficulty 
to the average item difficulty in the test. The writer does not 
give any discussion as to the merits of this particular method of 
weighting. 
Subjective judgment weighting method.-- This method was used y . 
for example by Vincent. Questions requiring more than one response 
receive more weight. Items or problems whose solution requires 
presumably more than one step are weighted accordingly. Since the 
3,4,5,6/ 
time of Vincent's study it has been shown by many studies 
that teachers' judgments as to difficulty of items are not valid. 
B. Results of weigb.t1n&• 
~t is apparent from the p~eceding discussion that weighting 
methods are few and open to criticis.m. Reported results are even 
1J:c. w. Stone, Arithmetical Abilities and Some Factors Determining 
Them, Teache~s College Contributions to Education No. 19 1 Teachers 
Co+lege, Columbia University, New York, 1908. 
2/ L. Vincent, A Study of Intelligence Test Elements, Teachers 
~ollege Contributions to Education No. 152, Teachers College, 
Columbia University, New York, 1924. 
'Y_ H. E. Smith, "The Validity of Teachers' Judgment of Difficulty 
of Ourrieuiar Material", Journal of Educational Psycholog~ (1930), 
21:460-466. . 
.4/ B. T. Buckingham, Spelling Abilit~, Teachers College Contribu-
tions to Education No. 1o, Teachers ollege, Columbia University, 
New York, 1913. 
§/ R. Comin, "Teachers Estimates of the Abilities of Pupils", 
School and Society, 3:67. . . 
6/ J. s. Orleans and G. A. Sealy, Objective Tests, World Book Co., 
~onkers-on-Hudson, 19281 p. 27. 
fewer. !I Douglass and Spencer concluded from a study of 25 
subjects that weighting is not worth while since " •••• measurement 
with our present means gives us little more than relative standing y 
and for this counting points is sufficient." Oharters, after 
having obtained a correlation of about .90 between his weighted 
and unweighted scores concludes: 
"It is entirely possible that if zero ability were more 
closely defined than - 2.5 sigma, the weighting might be more 
significant·. But for diagnostic purposes which was the 
professional function of this test, this consideration is not 
· o:f great significance •" 
N~&ative results of weighting were also reported by Ruch and y . 
Meyer, who have found that weighting lowers reliability and y 
validity. West used several tests of various types in his ex-
periment of weighting. When he correlated weighted and unweighted 
achievement test scores, his correlations were in the upper nine-
ties. However, the correlations dropped when an intelligence test 
was used. He admits some limitations of his weighting techniques 
'J..f H. R. Douglass and P. L. Spencer, "Is it Necessary to Weight 
ileasures in Standard Teats?", Journal of Educational Psychologz 
(1923), 14:109-112. . . 
2/ w. w. Charters,· "Constructing a Language and Grammar Scale 11 1 ~ournal of Educational Research (1920), 1:249-257. . 
3/ G. M. Ruch and s. H. Meyer, "Comparative Merits of Physics 
'T'ests", School Science and Mathematics {l~3l), 31:676-680. 
'': ... 
!I_ P. V. West, 11T.b.e Significance of W~ighted Scores", Journal 
of Educational Psych,ology (1924) 1 15:302-308. 
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and concludes: 
"Either a smaller number of test items in a group 
gives greater significance to the weights or else certain 
tests make a greater demand for weighting, possibly due 
to the fact that they are more adequate measures of 
specific or general abilities than others." !I . 
Odell used several weighting techniques, i.e. (1) per-
centage of students answering correctly, (2) the P.E. method, 
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and (3) several kinds of random distributions of weights ranging 
fro~ 1 to 5 and from 1 to 10. All his intercorrelations between 
weighted and unweighted scores were found to be in the .ao•s and 
.90's. He used a second method of analysis, involving a division 
of each distribution of scores into five categories according to 
the letter grades A~ B, c, D, and F. Then he compared the rank-
ings of individuals obtained by different weightings. In approx~ 
imately 75 per cent of the cases he found complete agreement 
between all the weighted rankings of an individual and his un-
weighted ranking. He believes that this is satisfactory and 
concluded that weighting is unjustified, especially when the test 
1!5 lo1ng enough. One must ask the question "Long enough for what? 11 
Also, his criterion for "satisfactory" seems to be rather low. 
At any rate, this study shows that so-called high correlations 
{ranging from the .80's to the lower or middle .90 1 s) between 
weighted and unweighted scores do not necessarily mean equal 
category placement when the distributions are further subdivided. 
Y d. W. Odell, "Further Data Concerning Weighting",- Journal 
of Educational Psychology (1931), 22:700-704. . 
y 
Strong reports in favor of weighting. He believes that 
the convenience of scoring should not be allowed to interfere 
with the goodness of prediction. He found that when responses 
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in his Vocational Interest Blank were weighted according to their 
differentiating power, the test yielded more valid scores. Unitary 
weighting tended to give a person more credit than he deserved in 
terms of his vocational interest placement. Strong also feels 
that the agreement between weighted and unweigbted scores is 
dependent upon the number of categories the distribution is broken 
into •. He says: 11 The fewer categories we break our distribution 
into, the greater will be the per cent of agreement between unit 
and weighted scores." y y y 
Vincent, Hotz and Stone used the weighting techniques 
described above for item scaling and selection rather than for 
weighting proper and they were not prim~ily interested in proving 
or disproving the validity of their weightings. Therefore, there §/ 
are no such data reported in their st~dies. Culler found that 
1/ E. K. Strong., "Weighted versus Unit Scales", Journal of Educa-
tional Psychology (1945} 1 36:193-216. 
g/ L. Vincent, A Study of Intelligence Test Elements, Teachers 
College Contributions to Education No. 152 1 Teachers College, 
Columbia University, New York, 1924. 
3/ H. s. Hotz, First Year Algebra Scales, Teachers College Con-
tributions to Eaucation No. 90 1 Teachers College, Columbia 
University, New York, 1918. 
!( c. W. Stone, Arithmetical Abilities and Some Factors Deter-
mining Them, Teachers College Contributions to Education No. l9, 
Teachers College, Columbia University, New York, 1908. 
§/E. A. Culler, "Studies in Psychometric T.b.eory11 , Journal of 
Experimental Psychology (1926), 9:271-298. 
when the number of test items is large, there is little difference 
between the!lank of scores based on weighted and unweighted items. 
Soderquist found improvement in the reliability of the test over 
the same test given and scored under the usual conditions. He be-
lieves that the weighting procedure had an effect similar to 
. .. . y 
lengthening the test. Comparable results were reported by Havner. 
Studies of weighting items in terms o:f difficulty were done 
largely in the twenties and early thirties. The discouraging 
results led to the abandonment o:f all further efforts and it is 
only a very :few scattered remarks that one finds in the more recent 
literature concerning the subject. Some remarks are more positive 
than others, which seems to indicate that the problem of whether 
to weight or not to weight has not been settled satisfactorily. y 
For example, Katzell remarks on the subject: 
'"Most test constructors have discarded the notion of 
elaborate item-weighting schemes and are usually concerned 
simply with whether to assign the item a weight o:f 1 or o, 
i. e. whether to keep it or discard it.tV - -y . 
Flanagan, discussing the units of measurement, says: 
''Fundamental units would provide scores having much 
; H. o. So erquist, 11 New Method o:f Weighting in a true-False 
estn, Journal of Educational Research (1936), 30:290-292. 
2/ K~ Havner, "A Method o:f Correcting for Guessing in True-False 
~eats and Empirical Evidence in Support of ~t" 1 Journal o:f . 
Social Pszchology (1932), 3:359-362. . . . . 
yR. A. Katzell, "Cross-Validation of Item Analyses", Educational 
and Psychological Measurement (Spring, 1951), 11: Whole Number. 
4/ J. c. Flanagan, Units and Norms in Educational Measurement, 
American Council on Education Studies No. 47, 11, Ser. 1, No. 28, 
Washington, 1947. 
greater usefulness than our present scores. Practically 
all of the scores currently obtained do not involve meas-
ure~ent at all, but rather the results of enumeration 
(counting). We ignore difficulty of items, requirements 
or the precise nature of the trait which they measure.n 
11 Stalmaker, although speaking of essay-type questions, is of 
the opinion that whether weighted or not, grades reported for 
various s~dents will be essentially the same. This finding is 
obviously not in agreement with other results reported above. 
He adds, however, that he believes that the most justifiable 
system of we~ghts is the one which maximizes reliability. 
y' . . 
· Gulliksen states: · · · · 
"It may be that, if items of graded difficulty levels 
are used, counting one point for each item correct is not 
a proper scoring method. The score assigned should rather 
be a best estimate of the difficulty level reached, anal-
ogous to that used in the Binet tests. However, the problem 
has not been generally solved for objective tests. 
"Obviously, the "best" test score distribution is one 
which accurately reflects the "true" ability distribution, 
but there is perhaps little hope of.obtaining such a · 
distribution just by assigning a score based upon sheer 
number of correct answers. At present the· solution to such 
difficulties seems to lie in some type of absolute scaling 
theory to replace the "number correct" score.tr y 
And Cronbach .remarks: "In a test designed to predict 
grades the scoring procedure used may be justified empirically in 
the majority of cases." 
26 
1/ J. M. Stalnaker, "Weighting Questions in the Essay-Type 
ftxamination", Journal of Educational Psychology (1938), 29:481-490. 
2/ H. Gulliksen, trThe Relation of Item Difficulty and Inter-Item 
'Correlation to Test Variance and Reliability," Psychometrika 
(1945), 10:79-91. 
'§/ L. Cronbach, "Response Sets and Test Validity", Educational 
and Psychological Measurement (1946), 6:475-494 •. 
3. Conclusions 
Most of the studies an item weighting were conducted in the 
twenties and early thirties. Hence, the investigators could not 
take advantage of modern statistical theory. Techniques of 
attack on the problem as well as methods used to validate them 
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are open to criticism. The negative results of weighting may be 
due to the combined effect of insufficient data, inadequate methods 
of proof and tests in Which the different items were already 
roughly of the .same value, so that they were correctly weighted by 
either 1 or o. 
- -
. The more care~ul!,i~vestigators hesitate to accept the im-
plication that weighting is futile because one can set up 
hypothetical cases in which it may be important. It is possible 
to obt.ain fairly good results without weighting in some favorable 
cases - i.e. in cases Where answering one item correctly is 
equivalent to answering any other item correctly, and where each 
item is an equivalent indicator of the total summary score. 
In the light of· the unconvincing evidence the author has 
decided to conduct a new weighting experiment, using a sound 
mathematical theory for the derivation of weights. A new defini-
tion of difficulty will be presented in which the weights are 
represented in terms of units of difficulty., 
It is true that we strive for equal units in an educational 
test. In a prediction study, however, differential weighting can 
be justified on the following grounds: T.he best predictor is one 
whose items all correlate positively with the criterion and zero 
or as low as possible with one another. Therefore, a test which 
is supposed to be an efficient predictor of a complex criterion 
(e.g. college success) cannot at the same time be a metric 
measuring instrument. The items in the test; used in t'boe present 
study are known to represent different degrees of difficulty, and 
are therefore assumed to possess different degrees of relevance 
with respect to the criterion. It follows that in such a situa-
tion di.fferential weighting is logically justifiable. 
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CHAPTER III 
TECHNIQUES AND PROCEDURES 
1. The Mathematical Theory of Communication and Information 
The mathematical theory of communication and information is 
a relatively new theory~ developed and presented by Shannon and y 
Weaver. The authors admit, however~ that the work roots back to 
some observations in the physical sciences~ especially done by von y 
Neumann. There seems to be a more direct connection with some 
. y y 
of the ideas expressed by Nyquist and Hartley, both of the §/ . 
Bell Telephone Laboratories. Weaver points out: 
"Dr Shannon has himself emphasized that communication 
theory owes a great debt to Professor Norbert Wiener of the 
Massachusetts Institute of Technology tor much of its basic 
philosophy. Professor Wiener, on the other hand, points out 
that Shannonts early work on switching and mathematical logic 
antedated his own interest in the field; and generously adds 
that Shannon certainly deserves credit for independent devel-
opment of such fundamental aspects of the theory as the 
introduction of the entropic ideas. Wiener has been more 
concerned with biolog:l;cal applications of the theory." 
XI c. E. Shannon and W. Weaver~ The Mathematical Theory of . 
~ommunication, The University of Iflinois Press~ Urbana, 1949. 
y N. von Neumann, Mathematical Foundations, of Q.uantum. Mechanics, 
Berlin, 1932, Chapter V. · · 
3/ H. Nyquist, "Certain Factors Affecting Telegraph Speed" Bell 
~ystem Technical Journal, {1924) 3:324-346. ----
4/ R. V. Hartley, 11The Transmission of Information" Bell System 
Tec~cal Journal (1928), 7:535-563. · 
§/ c. E. Shannon and w. Weaver, 2£• ~· p. 95. 
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The reader who is interested in a more detailed historical 
background of the theory is referred to the article by Cherry. 
y 
Other references to the theory will be found in the Bibliography. 
The following discussion will be mainly concerned with two things: 
(1) interpreting the basic philosophy of the theory using examples 
from everyday life, and (2) explaining the applicability of the 
theory to educational measurement by way of translating its con-
cepts into the language of educators and teat constructors. 
The· meaning of communication.-- The theory defines the word 
11 communication" very broadly ... to include all the procedures by 
which not only one mechanism affects another, but also by which 
one mind affects another. This involves practically all human 
behavior. It is for this broad definition of communication that 
the theory is applicable to all fields of human endeavor. 
The importance of human communicative behavior need not be 
argued here. It is one, if not the most important of the social 
events through which progress is made possible. However, when 
one tries to assemble facts about this social event, they seem to 
come from all fields of knowledge. 
Communication means passing information from one place to 
another by various means. Several factors {mechanisms} must be 
operatii' in order that communication may occur. Shannon and 
Weaver enumerate and define these mechanisms as follows: 
y E. d. Oberry, "A E;istory of the Theory of Information" Pro-
ceedings of the Institute of Electrical Engineers, London ~51}, 
98:383-393. . . 
y c. E. Shannon and W. Weaver, The Mathematical Theort of Com-
munication, The University of Illinois Press, Urbana,949, pp.4-6. 
1. The information source produces the information; e.g. 
a speaker forms an idea in his mind. 
2. The transmitter transmits the information (message) 
into some form suitable for transmission to form the 
so-called signal. To return to our example 1 the idea 
is translated into spoken words by means of the speech 
.organs. 
3. The channel is the medium used to transmit information 
from transmitter to receiver; in our case the channel 
is the air and the pressure waves. 
4. The receiver ordinarily performs the inverse operation 
of that done by the transmitter 1 i. e. reconstructing 
' 
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the message from the signal. For example 1 the human ear 
received the· sound waves and converts them (with the aid 
of other mechanisms) into electrical nerve signals. 
s. The destination is the person {or machine) for whom the 
message is intended; the listener's mind interprets the 
nerve signals an~ reconstructs the original thought. 
Together 1 these mechanisms form What is known as the communication 
system. Usually, noise enters into the communication system. 
Noise may be thought of as anything which interferes so that it 
distorts the message on the way from the source to the destination; 
e.g. the speaker may express poorly what he has in mind, the 
listener does not hear correctly what is being said, or,· although 
hearing correctly, he interprets the message incorrectly, and so 
forth. 
. Life would indeed be simple and more pleasant if human 
communication could be kept relatively "noisefreen. Distortions 
. . 
can occur at any one or at several points of the communication 
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system. Such a statement might imply that efficient human 
communication is nex~ to impossible. This is to say that "Whatever 
I say or do, I have no idea how others are going to take it." We 
know that generally this is not true. From past experience one can 
predict how a. communication system with a certain person or group 
of persons is likely to behave. How accurate can these predictions 
be? And can human beha_!i or _be dealt with quanti ta ti vely? 
Predicting human behavior.-- Perfect prediction of human 
behavior is impossible because human behavior is variable. Indeed, 
a~ Miller !/says: "If human behavior would not be variable, it 
would be useless." !his is in .fact saying that if one could pre-
dict perfectly what others are going to "transmit" to us, there 
would be no need for their behavior to occur because it would not y 
convey any information to us. Wiener has very aptly expressed 
what is involved when one communicates with human beings or 
animals. In his talk given at the Speech Conference at the Massa-
chusetts Institute of Technology in the sp:r-'-ng ."of 1950, he said: 
I7 ij. A. Miller, Language and Communication,McGraw Hill Book Co., 
Tnc., New York, 1951. · 
2/ N. Wiener, "Speech, Language and Learning", Journal of the 
Acoustical Society of America (1950) 1 22:696-697. 
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11When dealing with man or animal# we are dealing with 
a receptor of whose general character we may know a good deal, 
of whose particular hitch~up we know very little. The large 
part of our work is the inverse problem of identifying the 
machine ~uman being_7 by its behavior and not the direct 
problem of determining the behavior by the a priori structure 
of' the machine. . · 
"I do not think, then, that there is any fundamental 
opposition between the problems of our engineers in measuring 
communication and the problems of our philologists Lteachers:l 
Both have the problem of studying the properties of a little 
black box with terminals where they don't know what is inside. 
This is a much less important problem for the engineer than 
:for the philologist. The engineer can rip his box open. The 
philologist can't•" 
Prediction of an individual's behavior$ then, is dependent 
upon previous experience with that particular individual. The 
information theorists would say that the more one knows about the 
characteristics of the various parts of the communication system, 
the better the prediction can be. In order to find out about the 
"goodness" of these various parts, one needs to know what was sent 
and how much was received, i. e. how much noise .there was in the 
system. ~ualitative expressions will not help prediction; one 
needs some quantitative measure of the amount of information, of 
the amount of noise, etc. The mathematical theory of' communication 
advances such measures and that is why it is often referred to as 
"information theoryu. Since measuring the amount of information 
in a testing situation is the central interest of this study, the 
following discussion will be limited to this problem of the theory. 
Information and its measurement.-- The statement: "He has 
given me some information" means that we have learned something 
which we did not know before. Conversely, the statement: "He has 
given me no information" can mean either that the other person 
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did not respond to our question at all, or that he has transmitted 
to us something we already knew berorehand. (Note: that information 
need not be necessarily spoken or written - it can be a gesture, a 
facial expression, a picture, and so forth}. Thus we can make the 
distinction between no information and some information. There is 
n6 information transmitted in the system when the message does not 
bring us anything new. The amount of information depends on the 
d~gree of' "newness" a message carries for us. How can the degree 
of "newness" be expressed quantitatively and what does it mean? 
To illustrate the point more clearly, the following example will 
be used. 
Suppose an individual comes to an office building and knows 
that the person he wants to see is either in room 320 or 220. He 
asks the porter which one it is and is told that it is room 220. 
Suppose another individual comes to see the same person, but has 
not been there before and has no idea which room the person is in. 
He also asks the porter and is told 11Room 22o.tt The response 
given in both cases is exactly the same. Does it carry the same 
amount of information? It is obvious that it does not. In the 
former case, the visitor had some information and had to be given 
only a little more to resolve his uncertainty, whereas in the 
l~tter case the response "It is on the second floor" would have 
helped some, but not enough to make the visitor qUite certain 
where to go. We can also observe that the number of alternative 
answers expected in the two eases was different. In the former case, 
the visitor knew that the porter will tell him one or the other, 
that he had a choice only among two alternatives, whereas the 
second visitor did not expect any answer in particular. For him 
the number of alternatives was as large as the number of rooms in 
the building. We can therefore state (in accordance with inform-
ation theory) the first fundamental postulate, namely: The amount 
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of information increases as a function of the number of alternatives. 
The above statement holds in general. Yet, one has to take 
into consideration also the relative occurrence of the individual 
alternatives. Can they be regarded as equally likely to occur, or 
can one expect that s-ome will occur more .frequently than others? 
In a situation where one feels that "anything can happen" one is 
actually saying that out of several possibilities any one can take 
place. It is readily seen that in such a situation one is maximally 
uncertain and that whatever will happen will carry a lot of 
information, in fact the greatest amount o.f information possible in 
such a situation. 
We know, however, that such maximally uncerta~n situations are 
relatively .few in our li.fe. Our past experience with people and 
events reduces our "complete uncertainty" and gives us some idea 
what to expect and what not to expect. We may be very uncertain 
about the behavior of a complete stranger, but we are less uncertain 
about the behavior of our husband or wife or mother or father, 
because we know which alternative ways of their behavior we can 
reject completely and which ways have greater likelihood than 
others. To use the language of the information theory, we can say 
that whatever they do does not usually surprise us and therefore 
does not convey too much information unless they do something 
very unlikely~ unexpected, which alarms us and at the same time 
conveys to us a lot of information. 
3S 
We are now ready to supplement the above statement about the 
amount of information by saying that the amount of information de-
pends not only upon the number of alternatives from which the 
information source is choosing, but also upon the relative occur-
Y 
renee of the various alternatives. Weaver says at this point: 
"If the situation is highly organized and not characterized by a 
large degree of randomness of choice - that is to say that the 
information is low. 11 He points out further for those who have 
studied the physical sciences, particularly thermodynamics, that 
the term and meaning of "information".as used in this theory turns 
out to be exactly that which is known in thermodynamics as "entropy". 
It has been introduced by Clausius nearly one hundred years ago, 
and has been associated with the name of Boltzman. 
Having explained the logical foundation for a measure of 
information, we are ready to familiarize ourselves with the 
mathematical expressions of it. T.he theory makes obviously use 
of statistics, the language Which tells us how things are "on the 
averagen. The measures of information involve probabilities and 
logarithms thereof. A probability is usually expressed as a ratio 
of the number of times a certain event happened to the number of 
times it could have happened. For example, a probability expressed 
Y 0. E. Shannon and w. Weaver, .2'2• ill•, p. 103. 
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as p = t means that a certain event is likely to happen once out 
of' every four times. A probability can never be greater than unity 
and smaller than zero. Probabilities can also be expressed by 
decimal numbers or as percentages. 
For the following discussion it is not necessary to understand 
why logarithmic functions of probabilities are used. For the con-
venience of the mathematical reader, the derivation of' the measure 
of information is given in the Appendix, pp.l-69-170. It will 
y' 
suffice tp say here that logarithms are monotonic functions of' . 
the probabilities. They are convenient to use because they can be 
algebraically manipulated without loosing their meaning; probabil-
ities or percentages can not. 
Where all alternatives aFe equallz likely to occur, the amount y '''"' 
of information equals: · 
I :: H = log (1/n) ::-log n (1) 
where 
n : number of' alternatives 
Since log (1/n) equals log 1 - log n, and since log 1 = 0 1 the 
A monotonic function is a function which increases or decreases 
n accordance with its argument {in our case~ or n); 1. e. for 
P2 greater than Pl.t log P2 will be greater than log Pl• 
'E/ To be c.onsistent with the notation used by Shannon, the amount 
of information will be designated from now on by the letter H. 
) 
y 
expression log (1/n) reduces to -log n. This means in words 
3 1"'\ 0 
that the ~ount of information equals the logarithms of the 
number of alternatives~ if the alternatives are equally likely. 
The use of this measure will be illustrated by the following 
ex~ple: 
Suppose somebody is told that _one of his four aunts is com-
ing to visit him. He has no idea which one it is going to be. 
\Vhen she arrives~ her appearance resolves the uncertainty and 
carries a certain ~ount of information. From equation (1) we 
can compute that the ~ount of information is equal to log (1/4) = 
=log 0.25. Referring to Table A in ~he_Appendix we find that 
for a p : 1/n • 0.25~ log2 (1/p) (logarithms are to the base g) 
equals 2.00. Therefore we conclude that this event gives in-
formation in the amount of 2.00 units. 
Where the alternatives are not equally likely, the amount of 
information equals: 
H = p1 .log (l/p1 ) ~ p2 .log (l/p2) ~ •••••• + Pn•log (1/pn) (2) 
where 
Pl = probability of alternative 1 to occur 
p2 = probability of alternative 2 to occur etc • 
• 
• 
• pn : probability of alternative n to occur 
Equation (2) can be also written as follows: 
n 
H =~Pi•log (1/pi) 
i:,l . ( 3) 
!7 Do not worry about the minus sign. It is just a mathematical 
convention. Probabilities are numbers smaller than unity and 
logarithms of such numbers are negative. 
After having found the probabilities of each alternative and 
.. -
logarithms of their reciprocals$ we have to decrease or increase 
each expression in proportion to its occurrence in order to make 
the sum of all the probabilities equal to unity. As may be re" 
called, this is one of the fundamental laws of probability theory. 
Both equations (2) and (3) say in effect that, with unequal 
probabilities, we have to take the average value of all the 
logarithms of the probabilities. 
Returning now to the example used above, let us suppose that 
one knows from previous experience that two of the four aunts have 
never paid a visit during the last ten years. Aunt 1 came 8 
-
times, and aunt &_ came twice. We can express the respective 
probabilities of a visit as follows: 
!.1. = 8/10 • Q.&. 
E2 • 2/10 = 0.2 
-
.£3 = Q 
E.4 111 Q 
To express quantitatively the uncertainty of the situation as to 
which aunt is coming, we can use equation {2)· or (3). Referring 
again to Table A in the Appendix, we find that the expressions 
.\ 
p log (1/p) can be found directly in the third column of the Table 
for any value of .E.• From equation {2) we have 
H : Pl log {1/pl) .f. p2 log (l/p2 ) .f. p3 log (l/p3') + p4 log (l/p4 ) 
~ 0.26 ... 0.46 ~ o.oo + o.oo = ~ 
The two examples used show mathematically what one feels intui-
tively, namely, that the uncertainty of the first situation was 
much greater than the uncertainty in the second case. In less 
trivial~ cases we may be interested in just how much greater an 
uncertainty is as compared to another and that is when exact 
quantitative expressions prove to be of great value. 
2. Inf'orma tion Theory and 
the Teaching-Learning-Evaluation Cycle 
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After the terms "i~f'orma tion'', "uncertainty" 7 and nchoice" 
have been explained, we can turn to the more specific problem with 
wnich this study concerns itself, namely: Vfuat does it all mean in 
_ terms of teaching, learning, evaluation and prediction? 
When we examine the situation, we can see that there are at 
least two communication systems operating; (1) getting information 
to the students, which may be called the primary system, and (2) 
finding out who knows.what, or sending information f'rom the students 
to the teacher, which can be called the secondary communication 
system. 
Any teacher knows that the primary communication system is 
full of 11noise", i.e. that students do not "get" everything 
correctly. Noise can be reduced by repetition and by "sending 
over various channels", i.e. using various learning activities. 
The associationists would say that teaching is strengthening 
certain associations by repetition, by reinforcement. One can 
also say that teaching is reinforcing discriminative tendencies 
between right and wrong, correct and incorrect. 
All educational objectives are ultimately concerned with 
behavior, i.e. with what the examinee can or will do in specif'ied 
situations. It is f'urther assumed -and in testing in particular-
that there is a positive .correlation between what the student 
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knows and how he will behave in certain situations. Proper 
evaluation and interpretation is essential and it must supplement 
any teaching or reinforcement. It reveals both the amount of 
correct as weli as incorrect learning. Without it teaching be-
comes a haphazard activity without a goal. Indeed, we find support 
for this statement in the information theory itself where it says 
that: "A good communication system must have a feedback." In 
teaching, feedback means testing plus question periods, discussions 
and other activities which are destined to inform the teacher how 
well his "messages" have been received and how much uncertainty 
still has to be removed. It is further stated in the theory that 
the exact amount of noise can never be predicted. This is another 
reason why feedback is important. It means that without evaluation 
the teacher can never be sure of the outcomes of his efforts. 
So far we have considered only the noise in the primary 
communication system. We know from experience that the secondary 
communication system - the teacher asking questions - is far from 
being noiseless. The questions or answers can be poorly formulated 
or poorly interpreted. In objective testing such noise is intro-
duced· by faulty item construction, such as ~biguity, poor editing, 
typing errors, clues etc. If an answer sheet is used, noise can 
be caused by its poor construction. Noise is also introduced by 
improper administration conditions caused by the ex~iner or the 
environment. And finally, noise can be generated by the ex~inee 
himself - i.e. by his general feeling and well-being, and by 'the 
"honesty" of his responses, negative transfer, etc. All these 
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factors are known in educational measurement as chance factors 
causing unpredictable error variance in the performance of 
individuals. They affect primarily the reliability of a test and 
consequently its validity. Any imperfect test performance is the 
result of both the prima~ and the secondary noise. It is extremely 
hard, if not impossible, to distinguish between the various "noises" 
when analyzing test results. It may be that information theory will 
help test constructors to solve this ~roblem. One of the factors 
causing noise, namely guessing, will be more closely investigated 
in this study and an attempt will be made to use the theory for 
the solution of this problem. 
The multiple-choice item.as a measuring device.-- This type 
of item has achieved great popularity in objectiv-~ testing. It 
seems to serve well in getting at the strength of the discrimina-
tive tendencies mentioned above. It is also very close to actual 
lffe situations, where one is constantly making choices among 
several (usually more than two) alternatives. It is easily 
scorable both by hand and by machine. This type of item has been 
made the object of analysis in the present study also·because 
tests available for this study contained items of this type, and 
because the applicability of the inf'ormation theory to this type 
of item seemed to be of greatest promise. 
The difficulty of a multiple;..choice item.-- The logic of 
finding out about the difficulty of. objective test items has been 
pointed out at the beginning of Chapter II and need not be 
repeated here. The questions to be answered are rather: Shall 
we be content.with the conventional definition of item difficulty 
and accept it as final truth or shall we attempt to advance other 
definitions of item difficulty?· And, having done so, can we prove 
;that the new definitions are better in the sense that maklng use 
of them will contribute to the validity and reliability of educa-
tional tests? 
Before attempting to answer the preceding questions, let us 
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for a moment consider what is happening when a person is responding 
to a multiple-choice item. As the expression indicates, the testee 
is to make a choice between several alternatives and indicate which 
one he thinks is the correct one. Teaching (and learning) toward 
an objective, which is assumed to have preceded the testing situa-
tion, is in fact conditioning or predisposing an individual so that 
he will behave· in a certain way in a certain situation. If teaching 
and learning was thorough, it should be easy to recognize the 
correct answer, to make a choice. The information theorist would 
say; ~e greater the certainty of the individual., the less choice 
he has as to what answer to select. And conversely, the less a 
person knows, the greater his uncertainty as to the one alternative 
called "correct" ornbest" and the greater his "freedom of choice.u 
In the measurement language it means: The less the person knows, 
the more attractive are the various alternatives to h~. He is 
less likely to select the right ansvver unless he gets it by chance. 
Everyone who has taken objective tests at one time or another 
knows that there are different degrees of "lmowingn the correct 
answer. Someti~es one is absolutely sure of the correct answer 
after having read the question and does not even have to read all 
the suggested alternatives for reference. Such a situation could 
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be termed recall rather than recognition. More often than not, 
however~ one has partial knowledge, and is able to select the 
correct answer by successive e~imination of some of the obviously 
wrong alternatives and finally by making a more or less intelli-
gent choice among the last two. Individuals resort to wild guess-
ing only when {1) they have no knowledge or ability whatsoever 
(which is probably seldom the ease), or {2) when they for some 
reason do not even read the question and just mark the answer sheet 
in a random manner. 
Sometimes, although the person might have studied dilligently, 
he will find himself unable to discriminate between the correct 
and incorrect part of the item. This often happens in items of 
the so-called 11best" answer type, where every alternative possesses 
a certain degree of correctness or incorrectness. The differences 
among them may be so small, that it is very hard to make a 
distinction. One is reminded of the "just noticeable differeneetr 
in psychophysics which is essentially the same situation. In 
mental testing the situation is complicated by the fact that the 
alternatives differ from each other in more than one aspect. y 
Miller presents a discussion thereof and brings out a very 
interesting parallel between phys:teal space and "mental" space. 
Considering either space we can say that the more points (alterna-
tives) are put into the same space, the amaller will be the average 
distance between them. This means that there is a limit to the 
number of effective alternatives (distractors) one can devise for 
!7 G. A. Miller, Language and Communication, McGraw Hill Book Co., 
Inc., New York, 1951 1 p. 205. 
a certain multiple-choice item. Eventually, they will not differ 
from each other and will not possess any decoy value. 
At this point, other theoretical approaches to expressing 
somehow the difficulty of a multiple-choice item should be men-
tioned. In some cases the reasoning comes rather close to the y 
reasoning of information theory. Horst shows mathematically 
that the difficulty of a multiple~choice item is a function of 
the discriminatory ability required to differentiate between the 
idea expressed in the text and the alternative marked by the next 
to the highest proportion of the group. And concerning the many 
differences between the various alternatives, he says: 
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"If the correct answer does not get the highest 
proportion we must assume that the text contains several 
ideas and that the group is not discriminating with reference 
to the idea for which the best answer has been objectively 
determined. " · 
This is, o.f course, the effect of the secondary noise 
discussed above. Horst also shows how a greater number of alterna-
tives presents a wider range of difficulty {uncertainty). 
Regardless o.f how much truth there is in any theoretical 
analysis as to what happens when a person is responding to a 
multiple-choice item, one needs to have some quantitative ex-
pression o.f difficulty or un~ertainty. As has been said before, 
the variability o.f human behavior is great and no generalizations 
ean be made on the basis o.f knowing the behavior of one individual 
only. Since we are unable to state exactly how a particular 
individual arrived at the correct answer in a particular item, 
l P. Horst, The Difficulty of a Multiple-Choice Item", 
ournal o.f Educational Psychology (1933), 24:229-232. 
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(the individual could not probably describe the process exactly 
himself)~ we have to resort to the language of statistics and be 
content to say how the process probably looks on the average. In 
educational testing we are generally interested in how a particular 
person behaves in relation to the group of which he is a member. 
Thus we can administer the test (item) to a group of individuals 
and find out what proportion o~ the group answered each item 
correctly and what proportion has chosen any one of the wrong 
alternatives. Having done so~ how does one arrive at a definition 
of item difficulty? 
The "per cent correct" as a measure of item difficulty.--
It is conventional to call a task difficult if very few people can 
do it and label it neasyn if everybody or almost everybody can 
perform it successfully. The same reasoning may be transferred 
to the testing situation. If most students have recognized a 
rrcorrect11 answer as such~ one assumes that the item is easy for 
the particular group tested and that passing it does not show that 
the individual has any unusual amount of ability or knowledge. 
The fewer people pass an item1 the more difficult it seems to be 
and the more ability or knowledge is required to respond correctly. 
Thus the trper cent passing" may become the difficulty index of' an 
item~ and can be utilized rather satisfactorily in item selection 
for a test. _However 1 if one wants to utilize the item difficulty 
indices for item weighting {assuming that a more difficult item 
should carry more credit for passing) which involves addition of 
weights to arrive at a meaningful total score, one finds that this 
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index is not particularly suitable. For one tbing1 it is known 
that percentages are not suitable for algebraic manipulations, 
since they do not represent a linear scale. The problem is further 
complicated by the fact that the easiest items (having the highest 
"percent passing") would get the highest weights and.vice versa. 
This could be overcome by taking the reciprocal of the respective 
percents as the weights of the items. However 1 these reciprocals 
do not form a linear scale either. Referring to Fig. 1 P• 48 
it is seen that the. relationship between p (percent passing) and 
1/p is curvilinear 1 representing a hyperbola. 
In such cases it turns out to be mathematically convenient 
to use some additive monotonic function of the percentages. And 
it turns out further that the logarithmic .function is particularly 
useful .for a situation involving choice~. (See Appendix, ppl69-l70). 
At this point it might perhaps be well to mention other uses of 
the logarithmic relationship in psychological research. A ready 
reference is made to the traditional Fechner-Weber law of the 
relationship between the stimulus and the response; another is 
the so-called Fisher's z-transfo~ation used to express signifi-
, . 
cance of a difference between two correlation coefficients (the 
distribution of which is also non-linear). 
3. Information Theory, Item Difficult,r 
· and Item Weighting . , 
Equation {1), p.37, ·suggests itself. as a possible expression 
of item difficulty. The expression log (1/p) will increase as ~ 
decreases and vice versa. Hence, it will be the larger the more 
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dirficult the item will be. Besides, it will have the advantages 
of logarithndc functions as discussed above. 
Since the object of this study was to show whether differen-
tial weighting of items in terms o.f difficulty will or will not 
increase prediction o.f college success, it was decided to use the 
above index as each item's weight in obtaining a composite score. 
T.his method has been called scorin3 method A~ and the weight of 
an item was defined as 
where 
wi =weight of item i 
pi = per cent of students 
passing item !. 
(4) 
The reader may wonder at this point about the identity of 
equations (1) and (4) and about the extent to which information 
theory is correctly applied in this situation. Scoring or weight-
ing method A must be looked upon as being about half-way between 
the traditional definition of difficulty and the one which can be 
inferred .from information theory. This weighting method concerns 
itself with the statistics o.f the correct response only (in 
accordance with the traditional approach) and therefore does not 
contain a direct measure o.f choice. However, by taking into con-
sideration the relative occurrence or a particular response 
(message), it is in fact saying -in accordance with information 
theory- that the more often a particular response occurs, the less 
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unusual it is; it carries less information~ is easier to make and 
therefore should,get less credit. Weighting a test by method A 
should give us a picture of the extant to which student X was able 
to pass more "unusual" items than student Y, which can be inter-
preted as the extant to Which student X was better than student Y. 
Any weighting technique can be justified only if it changes 
. . 
the rank order of individuals over the conventional "number right" 
score. T.he general arrangement of the items (from easiest to 
hardest) in the tests used in this study might not have been 
particularly advantageous for weighting method A, neither for the 
. 
other two methods proposed herein. This item arrangement might 
penalize a slow, careful worker, who works step by step through the 
"easier region" (for which he gets little credit) and does not 
have enough time or energy to proceed to the very end of the test, 
where he mi~ht earn much more credit by each step. A per·son who 
skips items and returns again might be expected to profit most 
from a weighted scoring method. However, one must remember that 
the tests had generous time limits; therefore, it can be assumed 
that not finishing for lack of time or energy might have been a 
true indication of lack o~ ability or knowledge for a particular 
individual. Also, as can be seen from the Item Analysis Table 
(Table B pp.l54-166), the items were not found to be in exact 
-
order of difficulty.. In· some instances, the order was found to 
be a rather "random" one for the particular group studied. Hence 
method A could be expected to produce changes in the rank order 
of individuals. Fig. 2 p .• 5l shows graphically the relationship 
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between log {1/p) and p. 
~his method was applied because it was found to be very 
promising in an experiment which preceded this study. In this 
experiment a group intelligence test {whose items were arranged 
from hard to easy) was administered to a group of students in such 
a way as to yield both a timed and untimed score for each individ-
ual. From the timed scores estimated total scores were obtained 
and these were in turn correlated with the true total scores on 
the test. The correlation was found to be .90. When method A 
was applied to the problem# the correlation was raised to .961 
which was considered to be very significant. 
Scoring method B.-- This method rests to a great extent on 
the reasoning developed in information theory. We are now ready 
to define a unit of choice (difficulty). The definition of un-
certainty given above suggests that our definition of the unit of 
difficulty should be based on the process of selection from the 
number of possible choices. It seems reasonable, although not 
necessary# to consider first the smallest number of choices from 
which a selection can be made 1 namely two. We can say that the 
correct part and the incorrect part of each item are the two 
choices the individual has to consider and we can assume that in 
the absence of any knowledge both choices are equally likely to 
be selected. Thus# any selection from two equally likely choices 
will be defined as corresponding to one unit of difficulty (choice). 
As soon as one choice becomes more likely than the other 1 the 
difficulty { cho.ice) decreases. 
Note that at this point a new definition of difficulty is 
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introduced, namely that difficulty of a multiple-choice item is 
directly proportional to the amount of choice present. The greater 
the choice, the greater the difficulty of selecting a particular 
response. Thus the difficulty or weight of an item is defined as 
where 
w1 = weight of item i 
pi : per cent of students passing item! 
q1 : 1 - Pi or per cent of students failing 
item i 
.... 
(5) 
Since ~ ~ ~must equal unity, one can readily see that if 
~ : 0.50 1 then~ = 0.50; this means that the two parts of the item 
(correct and incorrect) are equally likely to be selected. Thus, 
such a situation is characterized by the greatest difficulty or 
choice. Therefore, items of 50 per cent difficulty will receive 
greatest weight in terms of method B. 
Justification for using such a weighting method can be found 
in many studies which show that items of 50 per cent difficulty y 
seem to have many desirable characteristics - (e.g. Gulliksen, y Y. 
Lindquist or Stalnaker ). These items make the maximum number 
!/ H. Gulliksen, "The Relation of Item Difficulty and Inter-Item 
Correlation to Test Variance and Reliability", Psychometrika 
(1945), 10:79-91. 
2/ E. F. Lindquist and W. W. Cook, "Experimental Procedures in Test 
~valuation", Journal of Experimental Education (1933}, 1:163-185. 
3/ J. M. Stalnaker, "Weighting Questions in the Essay-TYpe Examina-
tion", Journal of Educational Psxcholo8Y (1938}, 29:481-490. 
-of discriminations between individuals in a group and they are the 
most reliable ones. Therefore# the reliability of a test can be 
increased by including more items of this type (up to a certain 1bl' . . 
limit). Stalnaker points out that the most justifiable system y 
of weighting is the one which maximizes reliability. Lindquist 
remarks that: nit is good when an index of difficulty penalizes 
items which are either too easy or too dif.ficul t, since they in 
general affect too small a proportion of the entire group to con-
tribute significantly to the effectiveness of the entire test." 
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This is exactly what method B does. It gives maximum weight 
to items of 50. per cent difficulty and lesser weigh'l;_ to items which 
depart from the 50 per cent difficulty level in either direction. 
Fig. 3 p. 55 shows how the weight of an item changes with changes 
in £• It is believed that this method, while increasing relia-
bility might at the same time increase the validity of the test 
since it gives highest weight to those items which make the 
maximum number of discriminations between students. Both methods 
A and B can be expected to be effective only if items in a test 
vary in difficulty. The more homogeneous a test is with respect 
to difficulty, the less likely ft is that these methods can 
produce any changes in the rank order of individuals. 
y J. M. Stalnaker, nweighting Questions in the Essay-Type 
Examination", Journal of Educational Psychology (1938) 1 29:481-490. 
y E. F. Lindquist and w. w. Cook, "Experimental Procedures in 
Test Evaluation", Journal of Exeerimental Education (19330 
1:163-185. 
1.0 
.9 
.8 
.? 
.e 
.f) 
·4 
.3 
.2 
.l 
-
o.o 
1:-! 
L 
·t_ 
,-
f-
r-
1-
H 
-, 
~ 
::1:• ! 
~ 
t-1=!- '-' 
r-
Figure 3. Values of p.log2(1/p) f q.log2(l q) as 
a funotion of p 
55 
56 
Scoring method c.-- This method can be regarded as a refine-
ment of method B. T,he statistics of each alternative in a multiple-
choice item are taken into consideration in assigning an item's 
weight, which is defined in terms of equation {2) as follows: 
where 
wi - weight of item i 
pl 
-
per cent of students choosing alternative 1 
-
P2 - per cent of students choosing al terna ti v-e 2 etc. 
- -
Pn: per cent of students choosing alternative n 
-
It is known from practical experience that the number ot alterna-
tives in a multiple-choice question cannot be taken as the sole 
indicator of its difficulty. If it is found through item .:. · 
analysis that two or three out of five alternatives do not have 
any decoy value, the item becomes in effect a two or three-choice 
item, although appearing very difficult on its face. Its weight 
in terms of method C will drop markedly and will become zero if 
everybody has given the same response {no choice- no difficulty). 
The weight represents in effect the amount of uncertainty or 
• 
choice which there was in the class as a whole regarding a 
particular item. T.he more the responses spread over the whole 
range of alternatives, the more difficult the item. An item is 
maximally difficult when all its choices become equally likely 
(i.e. when p1 : p2 =••••= Pn>• In such a situation one suspects 
that a lot of guessing was going on, because the students seemed 
to b~ totally ignorant as to what was. required in this particular 
item. In extreme cases, where one has reason to suspect excessive 
guessing, it may be advisable to exclude such items from the test, 
because they do not measure anything. Also, one has to exercise 
sound judgment as to what to do about items in which the correct 
answer does not get the highest proportion. Such an effect may 
mean that there was lack of proper learning, wrong learning, 
negative transfer, poor item construction or some other type of 
''noiseft present. It is perhaps advisable to discard such items 
and to find out what "noises" were present; it may be that the 
. . 
situation demands re-teaching or re-writing the item. 
Method C cannot be rep:t:>esented graphically, because t:Q.e prob-
lem is multi-dimensional. It may seem that this method is over-
precise for most practical purposes, especially in view of the 
fact that percentages derived from a sample can be regarded as 
"true".percentages only_ to the extent to which one was able to 
control undesirable error variance. Percentages de:t>ived from 
small samples or from samples in which the amount of guessing was 
) 
not kept to a minimum cannot be expected to be stabilized and thus 
reliable. To the extent to ~ich.one uses percentages which are 
inadequate with respect to the preceding considerations, the 
weights derived will be .of lesser ·value. 
4. Experimental Procedures 
The instrument.-- The Essential High School Content Battery 
(see PP• 102-30) was used as the predictor variable in this 
study. It covers the four basic areas of high school instruction-
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mathematics 7 science, social studies and English. According to y 
the Manual of Directions it was designed as a survey-type in~ 
strument from the end of the 9th grade through the end of the 12th 
grade, and with beginning college freshmen. Its purpose is to 
provide continuous measures of a student's growth and development 
with respect to the knowledges and skills which it is reasonable 
to expect a high-school graduate to possess. Test I. Mathematics, 
contains items measuring fundamental skills in computation, vocab-
ulary and concepts, understanding of functional relationships, 
applications of mathematics to life problems, interpretation of 
mathematical graphs, knowledge of mathematical facts and formulas, 
interpretation of data in tabular form an~ knowledge of important 
theorems. Test II. Science, contains items covering science in-
formation, using the concepts of science and using the methods of 
science. Test III. Social Studies, measures acquaintance with 
contributions of famous Americans, understanding of current social 
and political problems, understanding of vocabulary of social 
studies, knowledge of civic information, gxowth of American 
democracy, knowledge and understanding of global geography, knowl-
edge of contributions of world leaders, understanding of 
international relationships, knowledge of sequence of events in 
United States history and knowledge of world events. Test IV. 
English contains items measuring reading for information, vocabulary, 
business definitions, use of references, literature acquaintance, 
language usage 7 capitalization ~nd punctuation, and spelling. 
!7 D. P. Harr,r and W. N. Durost, Essential High School Content Battery-
Manual of Directions, World Book Co., Yonkers-on-Hudson, 1951, P• 1. 
· Reasons underlying multiple measurement.-- Since no one skill 
or knowledge may predict satisfactorily a complex criterion such 
as college success, it is believed that a combination of measures 
will provide a more reliable and valid predictor. Another reason 
is to provide measures of ~elated aspects of the predicted be-
havior. Considering the nature of the subtests of the Battery, 
they can be said to possess logical validity for the purpose at 
~and. Statistical validity is dependent upon the reliability of 
the components which i~ in turn dependent upon the scoring formula 
used. The statistical analysis of the validity and reliability of 
the subtests of the Battery and the merits of the various scoring 
methods are given in Chapter IV. The predictive power of the 
composite Battery scores was not investigated in this study. 
The item analysis sample.-- For the purposes of this study, 
the answer sheets of the Battery administered in the states of 
Maine, New Hampshire and Ver.mont to high school seniors were used. 
To make the item analysis more feasible, it was decided to select 
at random 370 answer sheets from the total 6000. available. The 
n~ber 370 was decided upo~ after the following considerations. 
1. It is a reasonably large number to assure stability of 
derived percentages; it has· been found that adding 
additional cases beyond two or three hundred does not 
ehange such .Percentages. 
·.·. 
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2. 
11 y' 
Ke~ley, and Davis and.others have shown that, if two 
criterion groups for internal consistency analysis are 
desired, it is best to select the upper and lower 27 per 
cent of the cases. They have also shown that the criter-
ion groups should constitute at least 100 cases each to 
insure reliability of the computed statistics. Since 27 
per cent out of 370 equals 100, and since the number 100 
is a practical one to use, the total number 370-was 
decided. upon. 
Preparing answer sheets for IBM item analysis.-- It was 
desired to obtain the following information about each item in the 
battery: 
1. Number of testees marking each alternative in each item. 
2. Number of testees in the upper 27 per cent of the sample 
marking each alternative in each item. 
3. Number of testees in the lower 27 per cent of the sample 
marking each alternative in each item. 
To obtain all the information in one operation, the following 
procedure was followed: 
1. The 3 70 answer sheets were arranged from highest to low-
est according to the Mathematics Score. 
2. Next, the 100 sheets Showing the highest score and the 
100 sheets showing the lowest score were separated from 
i7 T. L. Kelley, "The Selection of Upper and Lower Groups for the 
V'alidation of Test Items", .Journal of Educational Psychology (1939) 1 
30:17-24. 
g( F. B. Davis, Item Analysis Data,Harvard Education Papers No. 2, 
Graduate School of Education, Harvard University, Cambridge, 1949 1 
p. 9. 
Thus, 
the total group. The groups so obtained were called 
upper~ middle and lower group respectively. 
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3. In order to be able to see to what extent the ~roup as 
the 
a whole was a randomly selected group and to what extent 
the statistics derived from it were stabilized, each of 
the three subgroups was further subdivided at random into 
two equal halves, so that comparison between halves would 
be possible. 
:following six subgroups were finally obtained. 
Group 1 (upper) 
- 50 answer sheets 
Group 2 (upper) 
- 50 answer sheets 
Group 3 (middle) - 85 answer sheets 
Group 4 (middle) 
- 85 answer sheets 
Group 5 (lower) 
- 50 answer sheets 
Group 6 (lower) 
- 50 answer sheets 
The IBM response count was then obtained for each of the six sub-
groups separately. After this pad been finished for the Mathematics 
Test, the whole procedure had to be repeated- i.e. the answer sheets 
· .. had to be rearranged and subdivided with reference to the Science 
Test scores, Social Studies Test scores and finally with reference 
to the EngliSh Test scores. 
After all the IBM graphic item count records had been completed, 
an item worksheet was prepared to facilitate further analysis. The 
following example illustrates the arrangement used: 
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Mathematics 
A!ternative Grou~ lf2 Groul2 3f4 Groul2 5.f.6 Total 1?. Item: 9. a. 2 5 6 l3 .035 
b. 3 28 17 48 .130 
c. 17 28 7 52 .141 
..!h. 69 77 20 166 .449 
e. 6 13 4 23 .062 
f. Omitted 3 19 46 68 .184 
Total 100 170 100 370 1.001 
The ·above information concerns Item 9 in the Mathematics Test. The 
underlined alternative (in this case d.) is the correct answer. 
Reading across from alternative d. 1 one can see that 69 individuals 
-
in the upper group 1 77 in the middle 1 and 20 in the lower group 
responded correctly to this item. On the whole, 166 individuals 
out of 370 responded correctly which is 44.9 per cent. Similarly 
one can find the information about any other alternative in the 
item. For example, the table shows that alternative c. was chosen 
-
by 17 individuals in the upper group, by ~8 in the middle group 
and by 7 in the lower group, and that all in all 52 individuals 
have chosen this particular wrong alternative, which is 14.1 per 
cent. Furthermore, one can see that on the whole 69 individuals 
have decided to omit this item, or have chosen "alternative !.•n 
In general, the percentages have been computed according to 
the formula: 
p :: Nmarked 
N total (7) 
where p stands for percentage, Nmarked represents the number of 
people who have marked any particular choice and Ntotal equals 
the total number of testees in the sample, or 370 cases. This 
formula appeared to be satisfactory for most cases, but a problem 
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arose in situations where it appeared from the data that some items 
at the end of a test have not been reached by some individuals. 
Theoretically, such situations should not arise because the subtests 
of the Battery are essentially·power tests and generous administra-
tion time allotments have been established experimentally for each 
of them. However, one knows from practical experience that, no 
matter how carefully this is done, there will be always some 
individuals who do not quite finish. The reason may not always be 
lack of time. One can well imagine that while the test is getting 
harder and harder, an individual may get tired or bored or frus-
trated and may either resort to marking the answer sheet at random, 
or may just simply give up, although there would be time for him 
to attempt the remaining items. Unfortunately, the investigator 
has no way of knowing which of these f'actors was operating in each 
particular case. If one would go on the assumption that the admin-
istration time was too short, then the f'ormula would become 
p :: Nma.rked 
Ntotal - Nnot reached (8) 
which means that the denominator would be smaller by the number of 
people who have not reached the item. It obviously follows that 
the whole fraction becomes thereby larger causing the item to look 
easier than it actually is. On the other hand, if one assumes that 
everybod¥ had plenty of time to attempt all items, the equation to 
use would be eq.(7) which will cause the item to appear harder than 
it actually is. T.he true difficulty value of such an item lies 
somewhere in between those two extremes. Moreover, one can 
reasonably assume that, on such items, guessing operates very 
prominently. 
In view of these considerations, the following ncompromise" 
formula was adopted to compute the percentages of success and 
failure for those items which appeared to be nnot reached": 
p 
., 
-
-
N 
marked + 
N 
total 
N N 
marked f( not reached) /n 
N 
total 
2 
(9) 
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where Nmarked and Ntotal have the same meaning as before and E 
stands for the number of choices in a particular item. The formula 
assumes that in general everybody had enough time to finish the 
test and that the reason for not attempting every item was rather 
the inherent or assumed d1fficulty of such items. Since some 
reasonable estimate of the difficulty of each item was to be ob-
tained so that it could be assigned the proper weights., the reas-
oning went as follows: Suppose, that the people who did not finish 
had been somehow forced .to finish. Their responses would probably 
have been sheer guesses and would have distributed themselves 
equally among the various alternatives in the items. Formula (9) 
represents a compromise between what happened and what could have 
happened. The p-values obtained by formula (9) were slightly 
higher than those computed by the use of formula (7), which result 
was believed to be closer to the truth. The p-values in Test !-
Mathematics obtained by either method correlated in the .90's 
with the difficulty values reported by World Book Co. (See pp.l31-3~) 
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It seemed therefore reasonab~e to conclude that, :for all practical 
purposes, the use of' :formula (9) was justifiable. 
Assigning Weights to Items. Item Cards.-- Once the percentages 
of successes and :failures on each. item were computed, weights could 
be easily assigned referring to Table A, pp.l39-152 • To :facilitate 
the recording as well as any :further res~arch with the items, item 
cards were prepared containing the :following information: 
1) Subtest number 
2) Item number 
3) Category {a or b) 
- -
4) Number of' individuals responding correctly 
5) Percent of individuals responding correctly 
6) Flanagan valid-ity index {as reported by the 
publishers in their Supplementary Technical Report-p~l31-137of this 
study) 
and pasted on to the item card. 
. . 
Since there were no Flanagan validity indices available :for Test 
IV. English, they were read o:t:f' by the author from a Flanagan Item 
Analysis Table using as a basis the information contained in the 
item worksheets mentioned previously. 
Finding WA (weigh.t in terms of method A).-- To illustrate the 
proced~e most clearly, let us take as an example the data about 
Item 9 (Mathematics) given on p. 62 • We find that E. for the 
correct answer equals 0.449. Since WA: log (1/p), we refer to 
Table A, pp. 139-152, and find that for a E. = 0.449, log (1/p} = 
1.2 (rounded .off to two significant figures). Therefore, WA 
for item ~ equals 1.2. 
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Finding WB (weight in terms of method B).-- WB as defined 
above is equal to ~.log (1/p) .f. q.1og (1/q).Therefore, referring 
again to Table A, we see that for a given value of ,£1 the desired 
quantity p.log (1/p) t q.log (lfq) can be read off directly by 
running across to column four of the Table. For our E. equal to 
0.449 1 the desired quantity equals ~· Therefore, WB for item 
~equals~· 
FindiAS we (weight in terms of method?>·-- Since we= 
: p1 .log {l/p1 ) + p2 .log (l/p2) + ••• ;. Pn•log (1/pn), one has 
to find in Table A as many quantities Lrp.log (1/p}_7as there are 
alternatives in the item. In the case of item 9 we are consider-
ing pl : 0.035, p2 : O.l30,p3 : 0.141, p4 : 0.449, p5 : 0.062, 
and p6 = 0.184. Looking up the desired quantities in the Table 
(column three), we find that they equal 0.17, 0.38, 0.46, O.ti8,0.25 
----- ._........ ----- ~. 
and 0.45 respectively. Summing these numbers we obtain Ill or 
--
we for item 9. 
- -
Following the outlined procedure, three weights were assigned 
to each item in the battery and recorded in the proper spaces on 
the item cards. 
Splitting of subtests for reliability analysis.-- Since it 
was desired to find out how the various weighting methods raised 
or lowered reliability over the conventional unitary scoring 
method, each subtest had to be split into two equivalent halves 
for later analysis. The ~oliowing procedure was adopted: 
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1. The item cards of each subtest were first separated into 
two piles which were more or less equivalent as to item 
type .or content. 
2. Then, the two halves of each test were made about equal 
with reference to the Flanagan validity indices. For 
Tests I, II, and III the Flanagan indices obtained by 
the publishers (see pp.l31-137) were considered. For 
Test IV English, the Flanagan indices obtained by the 
author were used, since no such indices were reported 
by the publishers. 
3. Finally, both halves of each test were examined with 
reference to difficulty of items. Where rearranging 
item cards from one pile to another was necessary, it 
was done in such a way as not to affect the equivalence 
achieved by steps (l) and (2). The item cards were 
identified with an ~ or a b showing to which half of 
the test they belong. 
The criterion.-" In view of the considerations underlying 
the philosophy of the weighting methods used, it seemed that 
their merits could be best ascertained by comparing weighted 
scores with college grades. This particular way of attack was 
decided upon after the following considerations: 
First, better prediction of coilege success is an important 
issue which has received tremendous attention in educational re-
se,arch. It is beyond the scope of this study to deal with all 
the methods and results reported. The reader is referred to 11 y y 
studies such as those by Segel, Kinney or Durflinger. In 
general, correlations were found to lie in the .40's and .50's• 
Although achievement and intelligence tests are the best single 
predictors of college success, more valid prediction can be ob-
tained after these measures are combined into batteries, since 
college success is a very complex criterion to predict. 
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Second, the available data, namely the Essential High School 
Content Battery answer sheets and IQ.'_s could be said to constitute 
a logically valid and reliable predictor. 
Third, the criterion was readily available. The Universities 
of Maine, New Hampshire and Vermont promised ready cooperation in 
making their records available for the purposes of this study. 
It is customary to express college success as grade~point 
averages. It might be argued that it is not a correct method of 
expression. However, the fact remains that students are promoted 
to or excluded from turther studies on the basis of their grade-
point averages. Weighting items can be justified only if it shows 
U D. Segel~ Prediction of Success in Colle~e, u. s. Office of 
.,ifidueation, ulletin No. 15, Washington, D •.• , 1934. 
. 2/ L. B. Kinney I A Summary of the Literature on the use of Intel-
Tigence Tests in Colleges and universities, University of Minne-
sota Committee on Educational Research, 1932. 
3/ G. w. Durflinger, ffThe Prediction of College Success, A 
Summary of Recent Findings", American Association of College 
Registrars Journal (1943) 1 19:68-~8. 
improvements in the accuracy of prediction of a working criterion. 
Negative results will not necessarily disqualify the methods used, 
but will make them useless for this particular situation. If 
weighting will prove to be significant in a group of college stu-
dents, it can be expected to be even more significant in the 
general population. 
Selecting the experimental sample.-- The problem was to find 
out which ones out of the 6000 high school seniors who were tested 
in the spring of 1950 in Maine, New Hampshire and Vermont were 
enrolled as freshmen during 1950/51 in any of the three mentioned 
universities. EnrolLment lists from the three universities were 
matched against the available answer sheets. On the whole, 243 
freshmen were identified, out of whom 43 went. to University ! 1 
?7 to University! and 120 to University~·· 
Computing grade-point averages.-~ After the necessary data· 
have been obtained from the three institutions, first semester 
grade-point averages were computed for each student. The most 
common procedure was·used for this, namely to assign arbitrary 
weights of 4, 3, 2, 1, and 0 to the letter grades A, B, G, D, and 
F respectively, to multiply the proper weight by the credit hours 
for each course, summate over all courses and to divide by the 
number of total credit hour.s. To illustrate, suppose the record 
for a person A for the first semester looked as follows: 
Course Grade Weight Hours of Credit 
a B 3 2 
b c 2 3 
c c 2 3 
d B 3 3 
e A 4 3 
].4 
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Multiplying £ times g, g times ~~ g times ~~ ~ times ~~ and ! 
times 3 and summing, we obtain 39 1 which divided by 14 gives 
- - -
~~ which is the grade point average for the first semester. 
In case a person obtained an incomplete for a course or has 
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dropped a course, it was assumed that the most probable grade for 
such a course would have been a~ and therefore the hours of credit 
were multiplied by unity. Leaving such a course out completely 
would result in a spuriously high grade-point average which would 
be unfair to the others, since a person who dropped a course or 
did not finish the required work did actually less work as com-
pared to those who carried a full schedule. Such a person could 
therefore do better work and spend more time on the remaining 
courses. Thus substituting a E for Incomplete or Dropped brings 
the grade-point average closes to the truth. 
Re-scoring (weighting) the tests.•- The answer sheets of 
those individuals for whom college records were now available 
had to be repscored in order to obtain weighted scores in terms 
of the various methods. In general, the scoring formula can be 
written as: 
where 
n 
Sj : total test score of individual 1 
wi = weight of item !; 
(10) 
{
l ff individual 1has passed item i 
xij= 
0 if individual 1has not passed item i 
In other vo rds, a weighted score was to be obtained by summing · 
the weights o£ those items which a particular individual has 
answered correctly. For the reliability analysis mentioned 
above, also two weighted split-half scores had to be obtained. 
Thus, using the £ollowing symbols: 
L £or "sum of" 
WA for weights in terms of method A 
WB for weights in terms of method B 
we for weights in terms of method C 
EWAa for "sum of A weights for those items which belong 
into category atr (according to splitting of subtests) 
i:WAb for "sum of weights £or items belonging into category 
N for number of passed items 
Na for number of passed items in category a 
-
Nb £or number of passed items in category b 
-
we can express what quantitixes had to be obtained for eacl:!, in-
dividual. For each test in the Battery they were as follows: 
. ;_·. L WAa l:WAb I:WA 
LWBa :LWBb LWB 
rwc · a Ewcb ~we 
Na Nb N 
Originally it was planned to perform the rescoring by hand·, 
i.e. to record the appropriate item weights on the scoring key 
over the punched holes indicating the position of the correct 
responses. The key was to be put over the answer sheet and the 
weights for the items passed summated on a desk calculating 
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b" 
machine. While this is possible~ another method was used in this 
study. In view of time limitations and the fact that three 
weighting methods were to be tried out~ the summating was done on 
the IBM Tabulating Machine. The steps taken were as follows: 
1. An IBM card was punched for each item in the test, con-
taining subtest and item number, category placement and 
the three weights of the item {WA, WB and WG). 
2. To obtain an individual's scores, the scoring key was 
placed over his answer sheet and for each item passed, 
the corresponding IBM item card was manually selected • 
. Thus, a deck of "passed" caxtds and a deck of trfailed" 
cards was obtained. 
3. The "passed" cards were then fed into the IBM Tabulator 
which performed all the desired summations indicated 
above. 
4. Finally 1 the "passed" and "failed" decks of cards were 
merged on the collator in order to have a sequenced 
deck ready for the next individual. 
In order to be able to perf'orm the selecting, tabulating and 
collating of the cards simultaneously, five equal decks of item 
cards were punched for each subtest. 
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· Measurement of guessing.-- Guessing in objective tests has 
been a problem since their beginning. There have been many attempts 
to devise correction-for-guessing formulae (see Bibliography) to 
improve validity and reliability of educational tests. The most 
widely known formula 
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s R- w 
- n-I (11) 
where 
s 
-
score 
-
R 
-
number right 
w. number wrong 
n 
-
number of alternatives in each item 
-
assumes that pupils either knew the answer beyond any doubt or 
guessed blindly. We know that this is not so. More often than 
not an individual has partial knowledge, i.e. he is able to reject 
certain alternatives and is able to use related knowledge to infer 
which alternative is most prob·ably the right answer. Fo~ula (ll} 
applies only when an individual is guessing blindly, i.e. when no 
consideration of related knowledge takes place. Unless an indivi-
dual has actually guessed blindly, the formula overcorreets. It 
also becomes inoperable when all individuals have marked all items. 
Guessing affects the logical validity of tests. Empirical 
validity may be raised or lowered depending upon the correlation 
of ttgambling ability" with the criterion. Guessing also affects 
true difficulty of test items. When guessing becomes a signifi-
cant factor in testing, the test does not actually measure ability 
or knowledge, but performance of students with whatever methods 
th~y use. 
While the conventional correction :for guessing may have some 
value when applied to true-false tests, it is obviously inapplic-
able in the type of test item in which the "wrong" alternatives 
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contain substantial elements of truth, and the examinee's task 
is rather one of comparison or evaluation. In such cases giving 
credit for rights only is insufficient and makes the cutting point 
between passing and failing the item unjustifiably sharp. If, 
then, some measure of the degree of rightness of the various alter-
natives could be found, the test could be scored in such a way as 
to take the actual value of any response into account. This might 
give us a measure of a pe~son's partial knowledge, and conversely, 
a measure of his uncertainty or guessing. 
The idea was conceived to use some of the notions of inform-
ation theory to attack this problem. It is not possible to explore 
the problem fully in this study. It is mentioned here because it 
is an interesting idea which merits further research. The follow-
ing discussion will illustrate how a measure of partial knowledge 
or uncertainty was arrived at in this study; Chapter IV contains 
the results of this limited research. 
The items of the Essential High School Content Battery were 
not particularly suited for this purpose. They could be assumed 
to be the 11right" answer type 1 tems. However, examining the item 
analysis sheets, it was found that there were some items whose 
"wrongtt alternatives seemed to contain some elements of truth. 
The upper 27 per cent were used as the criterion group and the 
plausibility of the various wrong alternatives in this group was 
examined. It was believed that if a particular wrong alternative 
appeared attractive to the best students in the sample, it must 
contain partial truth. ·Therefore, choosing such an alternative 
should carry less penalty than choosing a completely nchancen 
response. 
Test II, Science, was selecte4 £or ~xperimentation, since it 
seemed to contain the greatest number o£ items o£ the desired 
type. On the whole, 41 items were selected £or experimentation 
according to the £ollowing criteria: 
l. T.he correct answer must have obtained the highest 
proportion of choice in the upper 27 per cent o£ the 
group (preferably between 40 - 70 per cent). 
2 •. At least one or two o£ the wrong alternatives must have 
obtained a greater-than-chance proportion of choice in 
the upper 27 per cent of the group (preferably : 
greater than 20 per cent) • ,-
Obtaining a "partial knowledgen scibre.-- To make further 
validation of such scores possible, it w~s desired to find a group 
o£ individuals who took the same science course in one of the 
three universities. It was £ound that 43 students enrolled in 
University Z took a course in General Chemistry. Their answer 
sheets were selected and used for further rescoring. A scoring 
key was prepared, having a punched hole for each answer position 
for the 41 items selected. Over each hole showing any of the 
wrong alternatives a,tweight, proportional to the trrightnessn of 
that particular alternative, wa.s recorded. Since these weights 
were determined on the basis of per cents o£ choice in the 
criterion group and since they were to be added, their logarith-
mic functions were used. T.hus, a weight of a wrong alternative 
75 
76 
was defined as 
(12) 
where 
: per cent of choice o.f alternative a 
-
in the criterion group 
Thus~ the smaller the Pa~ the greater the log {1/Pa), and vice 
vers.a. This means in effect that the more people in the criterion 
group have chosen a particular alternative, the more "truth" it 
contains; therefore, marking this particular alternative should 
carry less penalty than marking a completely chance response 
(i.e. a response marked by very few people in the criterion group.) 
To obtain an individual•s score~ the key was placed over his 
answer sheet and the weights oi' his wrong responses were summated. 
Obviously, the lower the score, the better, since a high score 
indicated a great amount of partial knowledge. The merits of this 
particular scori~g method are given in Chapter IV. 
The "uncertaintyH score.-- To make .full use of information 
theory~ another approach t.o this problem was taken. The reasoning 
went as follows: A person who has perfect or almost perfect knowl-
edge will respond correctly most of the time, or may occasionally 
mark a partially true response. A less informed person will mark 
a few best choices~ a few "second best" ones and probably a few 
"third best" ones. Generally speaking, the less a person knows, 
the more will his responses spread over the wJiole range of the 
possible responses. If he guesses blindly, he is likely to select 
eaah kind of response one-fifth of the time {in a.~ive-choice 
item). We can say that he was maximally unaertain. The measure 
of unaertainty advanced in information theory suggests itself at 
this point. Thus, referring again to equation (2) on p. 38 we 
have 
11 
H = + CP1.log {1/pl) .f. P2·log (l/p2) .f. ••••• Pn·log (1/pn)J (2) 
To obtain the p1 , p2 etc., we have to ascertain how many times 
an individual has chosen the best response, the second best, the 
third best etc. Then we can convert these numbers into percent-
ages using the total number of' attempts as the basis. Substituting 
into ftquation (2); we obtain an individual's "uncertainty" score. 
Note that if an individual has given only right responses, his un-
certainty score will be zero, since p1 : l.O~p1 .log (l/p1 ) ·• O, 
and all the other pts equal to zero. 
To facilitate the work, a key similar to the one described 
previously, was prepared. The responses were identified-with the 
numbers 1, 2, 3, 4, and 5 respectively. The correct answer was 
identified as ! 1 the second best as g etc. Then, placing the key 
over an individual's answer sheet, one could easi·J.y count the 
number of times a response appeared under ! 1 2, _£, etc. To 
illustrate, suppose an individual's response analysis looked as 
. follows: 
Response Number of times Per cent Pn·log (l/Pn) 
selected (M : 41) 
l 27 66 0.40 
2 10 24 0.49 
3 2 05 0.22 
4 2 05 0.22 
5 0 0 o.oo 
H :1.33 
Thus, this particular individualts uncertainty score is equal to 
1.33. (The values in the last column were obtained from Table A 
-
pp•l39-l52). It can easily be seen that f'~r a five-~hoice 
situation, the uncertainty scores will range from~ to ~· 
That is, if' every ~will equal gQ, the value of ! : 2.30. 
The merits of this particular scoring method are also given 
in Chapter IV~ Since the number of items and individuals is ex-
tremely small, no final generalizations can be made on the basis 
of the results. This experiment was carried out for illustrating 
the methods only. Further validation of the techniques will 
require much more extensive research including construction of 
tests specifically designed for tb.e purpo·se. 
78 
CHAPTER IV 
ANALYSIS OF RESULTS 
Validity analysis.-- The purpose of this analysis was to 
discover how the various scoring methods contributed to the 
predictive power of the four subtests of the Battery. The 
subtest scores (weighted and unweighted) were correlated with 
the criterion, i.e. the grade-point averages. Correlations 
were computed separately for University X, Y and z. The re-
sults are given in Table l. Since it appeared from the 
scatterplots that the relationships showed slight curvilinear-
ity, correlation ratios or Etas were computed in each case. 
Eta measures the concentration of paired X and Y value~ about 
a relation curve and is defined as 
Eta2 = 
2 6 eM 
(13) 
where 
2 6 eM= variance of the column means 
6 2y =variance in the z variable 
Eta is a more general coefficient than the product-moment ~· 
There are always two ~tas for each scatterplot, namely Et~x 
and Etaxy depending upon the direction of the prediction. 
Since in this study the criterion (the dependent variable) 
was designated as the X variable, Eta was of interest in 
- xy 
.,.,.. 
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0 
each case. The limitation of the correlation ratio lies in 
its oversensitivity to the fineness of grouping, especially 
at the tails of the distribution. A correction for fineness 
of grouping as given by Pearson is discussed e.g. by Kelley. 
y 
It might be applied to the Eta especially when the number of 
cases is small. However, there is not enough empirical evi-
dence to establish a clear basis as to when to correct and 
when not to correct. This study reports therefore uncorrected 
Etas and they have to be considered in general as overestima-
tions of the actual relationships. 
Relative merits of the scoring methods.-- The results 
obtained with the three scorins methods, A, B, and C are 
compared below with the results obtained when unweighted scores 
were used. 
Scoring method A.-- As can be seen from Table 1 1 this 
scoring method produced some improvement only in University 
z where it slightly raised the predictive power of the Science 1 
Social Studies and English Tests. Some improvement was also 
obtained in the case of the English Test in University Y. In 
several cases this method seemed to lower slightly the predic-
tive power of the various tests. However, differences between 
the ~ are so slight that it can be said that no significant 
changes have been introduced by using this particular scoring 
method. Also the Etas dropped in many cases, but were found 
l7 T. L. Kelley, Statistical Method, The Macmillian Company, 
New York·, 1924, p. 240. 
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to be highe~ for the Mathematics and Social Studies Tests in 
University X and University Y1 and slightly higher in the case 
of the Social Studies Test in University z. The relatively 
high Etas must be viewed with extreme care especially when the 
sample is small (University X) 1 or when the test is short 
(Mathematics or Science) 1 or both. In such cases the correla-
tion ratios tend to be spu~iously high for any scoring method. 
The Etas were consistently highe~ in the case of the Social 
Studies Test. This test probably contained items which were 
better suited for weighting by the different methods than items 
in the rest of the Battery. As will be shown later in this 
chapter 1 also the reliability of the Social Studies Test was 
improved by weighting. 
Since the weights assigned by either method differed 
relatively little from each other 1 it may be that a large num-
ber of them must be added befo~e they can be expected to 
affect the total score. Although the longest test in the 
Batte~y was Test IV., English, it did not profit moat by 
weighting. It contained a great number of two-choice items 
whose difficulty values differed ~elatively little from each 
other. 
Scoring method A inc~eased the variability of the sco~ea, 
especially in the Mathematics Test. However, it lowe~ed the 
va~iability of the English Test scores. 
Scoring method B.-- This method produced almost no changes 
over the conventional unitary scoring method. In most cases 
the correlation coefficients were equal to those obtained 
when unweighted scores were correlated with the criterion. 
Slight increases or decreases in validity were observed in a 
few cases. The obtained correlation ratios were £ound to 
decrease or increase almost consistently with the ones obtained 
when method A was used for scoring. The difference between 
the product-moment correlation coefficients and Eta tended 
to be inversely dependent upon the size of the sample; they 
tended to decrease when the number of cases was larger and 
vice versa 1 which again shows that the smallness of the sample 
has a spurious eff'ect upon the correlation rati.o. 
The negative result's obtained with this scoring m~tbod 
may be largely due to the fact that the study dealt with items 
already preselected according to difficulty levels. Since it 
is not desirable to keep items which are either too easy or 
too difficult 1 and since it is known that items of' 50 per cent 
difficulty have many d~sirable characteristiqs 1 items in the 
Battery were largely of this type. Their difficulty levels 
ranged between 30 and 70 per cent. Wbile this preselection 
of' items decreased the eff'ectiveness of all three weighting 
methods 1 it affected primarily method B. Referring again to 
Figure 3 1 p. 55 1 it can be seen that the weights differ but 
little from each other in the middle panges 1 and that they 
begin to differ more markedly as £ departs from 0.50. 
Scoring method B slightly decreased the variability of 
' the scores. This effect can again be explained by the small 
range of the weight~. 
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Scoring method C.-- This metho·d improved slightly the 
predictive power of the tests only i~ three cases. These 
were the Social Studies and English Test· (University Z) and 
English Test (University Y). However the correlation ratios 
were higher for all four tests in University X., and for the 
Social Studies Test in all three schools. 
This scoring method consistently and notably increased 
the variability of the scores. In general., the variability 
of the scores was twice that of the unweighted scores. The 
differences in the variability of scores can be easily seen 
by examining the various sigmas given in Table 1. 
Conclusion.-- Although some of the correlation ratios 
seem to indicate significant improvement in validity in a few 
eases., they must be interpreted with caution. The limitation 
of the Eta coefficient as well as the high intercorrelations 
between the various scoring methods discussed later in this 
chapter seem to indicate that basing conclusions on the 
product-moment coefficients alone is the safer procedure. 
Therefore it must be concluded that none of the weighted 
scoring methods can be justified in the situation under con-
sideration. The improvements., if any., are slight., and are 
counteracted in some cases by lowered coefficients. The two 
tests which profited more by the scoring methods are Test 
III • ., Social Studies and Test IV • ., English (when both the rts 
and Etas are considered). It might be observed that these 
two tests are the two longest ones in the Battery. However, 
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scoring methods which require long.tests to produce some 
effect are not desirable. If weighting can be justified at 
all, it must fulfill one or more of the following require-
., . 
menta: (1) increase prediction, (2) decrease the number of 
items to be scored, or (3) decrease the time required for 
testing. 
It is evident from the analysis of the data that the only 
sound conclusion which can be drawn is that the types of items 
contained in the Essential High School Content Battery were 
not particularly suited for weighting by the proposed methods. 
The final test of the effectiveness of the various scoring 
methods must await the construction of tests whose items will 
be so designed as to take maximum advantage of the theory 
applied. 
Reliability analysis.-- Split-half' reliabilif coeffi-
cients, corrected by the Spearman-Brown formula, were 
computed for the four subtests of the Battery, scored by the 
various methods. All three samples were combined for this 
analysis, so that the results are based on a sample of 240 
!/ When computing a split-half reiiability coefficient, it is 
conventional to estimate what the reliability would be if each 
half of the test was twice as long. The formula 
2r..l..l.. 
22 
r12 = ----------
1 + ri1 
22 
(where r 12 equals the estimate of the correlation between the lengthened halves! and g,.and r1~ is the obtained correlation 
between the two actual halves) gfves such an estimate. 
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eases. Table 2 presents the results of this analysis. 
It ean be seen that the reliability of the Soeial 
Studies Test was invariably improved by using the various 
seoring methods. This finding is eonsistent with the im-
provements in validity discussed above# and supports the ar-
gument that the Social Studies Test items were probably most 
suited for this particular experiment. 
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Table 2. Split-half Reliability Coefficients 1 Means and Standard Deviations of the Two Halves of Each 
Test Scored by the Various Methods. 
Method 
of Scoring Test r* r-i~-*2a2b M S.D. ab a a 
Mathematics 
Unitary 0.82 0.90 16.56 5.97 
A 0.83 0.91 24.16 11.84 
B 0.80 0.89 14.50 4.48 
c 0.80 0.90 33.86 12.62 
Science 
Unitary 0.72 o.84 22.12 4.92 
A 0.66 0.80 24.45 7.19 
B 0.71 0.83 20.32 4.53 
c 0.72 0.84 41.96 10.67 
social Studies 
Unitary 0.80 0.89 26.51 6.62 
A 0.82 0.90 27.52 9.37 
B o.81 0.90 23.38 5.84 
c 0.84 0.91 48.12 13.34 
English 
Unitary 0.81 0.90 97.27 9.51 
A 0.76 0.86 44.20 6.98 
B 0.80 0.89 67.76 8.25 
c 0.81 0.89 87.85 11.36 
4~ Obtained Split-half reliability coefficient 
~H~ Corrected by Spearman-Brown formula 
~ S.D.b 
16.06 6.09 
24.30 11.04 
14.91 5.16 
34.73 12.99 
22.66 4.79 
22.72 6.28 
19.75 4.54 
40.80 9.45 
25.05 6.75 
27.93 9.74 
22.06 5.91 
47.12 13.63 
95.43 9.68 
47.73 8.15 
68.08 8.21 
87.12 11.40 
87 
88 
Scoring method A improved slightly the reliability of the 
Mathematics test. Otherwise the various scoring methods either 
slightly lowered the reliability of the tests or did not pro-
duce any changes at all. Lowered reliability is not necessarily 
an indication of the inapplicability of a scoring method. It 
may mean that the true reliability of a test is actually lower 
than the one obtained using unitary weighting. However, one 
cannot expect in such cases that the scoring method will pro-
duce true increases in validity. 
Examination of the means and standard deviations of 
the two halves given in Table 2 reveals that statistical 
equivalence of the two halves is rather satisfactory in all 
eases. These data can be regarded as supplementing and 
supporting the empirical equivalence which was believed to 
have been achieved by steps 1 1 2·1 and 3 described on P• 67 • 
(chapter III.) 
On the whole the measures can be regarded as possess-
ing satisfactory reliability for interpretation of group 
results.' The reliability coefficients are lower than the y 
ones reported in the Manual. This result was to be expected 
because this study dealt with a relatively homogeneous sample -
. . 
i .. e. high school students who entered college. Data reported 
by the publishers were based upon samples of unselected 
twelfth-grade students. 
!7 D. P. Harry and w. N. Durost, Essential High School Content 
Battery - Manual of Directions, World Book Co., Yonkers-on-
Hudson, 1951, P• 15. 
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Comparison between scoring methods.-- Scores obtained by 
scoring methods A$ B 1 and 0 were correlated with the unweighted 
scores. For this purpose, the three samples were combined. 
Table 3 presents the result~ based upon a total of 240 cases. 
Table 3. Product-Moment Correlation Coefficients between 
Unitary (Unweighted) Scores of.the Four Subtests 
and Weighted Scores Obtained by Me.thod A, B 1 and c. 
Uni tar y s c o r e s 
Scoring Mathe- Science Social English 
Method Test matics Studies 
A - Mathematics 0.98 
B- Mathematics 0.99 
c - Mathematics 0.99 
A- Science 0.98 
B - Science 0.99 
c - Science 0.99 
A- Social Studies 0.98 
B- Social Studies 0.99 
0 - Social Studies 0.99 
A - English 0.93 
B English 0.99 
c ... English 0.98 
The results in Table 3 are in agreement with those given 
in Table 1. The high intercorrelations indicate that the 
various scoring methods did not change the rank order of in-
dividuals. Method A, although agreeing least with unitary 
scoring (especially in the case of the English Test), did not 
change the rank order in the desired way, i.e. to increase at 
the same time significantly the agreement of the scores with 
the criterion. Raising the r by two or three points (when r 
- -
is in the .40's or .so•s) cannot be considered as signi£1cant 
improvement. I£ this study had dealt with a pool o£ items 
from which di££erent desirable selections of items according 
to scoring method could have been made (rather than dealing 
with a £ixed number of preselected items) 1 it is very probable 
that the agreement between the various scoring methods would 
not have been so high. 
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Predictive power of an intelligence measure.-- The Terman-
McNemar Test of Mental Ability IQ•s were available for most 
of the students in the experimental sample. They were com-
pared with each student's grade-point average. Table 4 gives 
the results. 
Table 4. Product-Moment Correlation Coefficients Between the 
Terman-McNemar Test of Mental Ability I~•s and Grade-
Point Averages Earned in University X 1 Y1 and z. 
University Correlation Mean IQ S • D. o£ IQ. t s 
Coefficient 
University X 0.44 116.36 12.56 . 
University.Y 0.45 116.60 11.06 
University Z 0.40 114.12 9.88 
The results are comparable from school to school. The average 
mental ability (as measured by this test) o£ the students in 
University Z appears to be slightly lower and the sample seems 
to be somewhat more homogeneous. Students in University X 
and y were practically identical with respect to average mental 
ability and variability. The above data must be viewed as 
pertaining to the experimental sample only. Since not all 
freshmen in any of the three schools were tested, sampling 
biases of various kinds might have been present. Therefore, 
no generalizations can be made concerning the mental ability 
of all students in University X, Y, or z. 
Combining measures.-- For the purposes of this study it 
did not seem necessary to combine the various results into a 
multiple-regression equation, because the study was primarily 
concerned·with improving the validity of the separate meas-
ures. In view of the unsatisfactory results any combination 
of the weighted measures seemed unnecessary. Combining the 
Battery scores (uriweighted) to obtai'nmultiple correlation 
coefficients as well as prediction of success in separate 
college subjects ·goes beyond the scope of this thesis; how-
ever, it is· being done as a separate study. 
The merits of the "uncertainty" and "partial knowledge" 
measures.-- These two measures {discussed in Chapter III, 
PP• 75-?8 ) were obtained for 43 students in University z. 
It was desired to find out whether eith~r of the two measures 
J 
could be shown to be of any promise. The total raw scores on 
the Science Test, the raw scores on the 41 selected items, 
1
the "uncertainty" and the ttpartial knowledge" score~ were 
correlated with grades of students earned in a course in 
general chemistry. Table 5 gives the results. 
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Table 5. Product-Moment Correlation Coefficients between 
the Various Science Test Scores and Grades in 
General Chemistry Earned by 43 Students. 
Correlation Mean S.D. 
Type of Score Coefficient of of 
r Scores Scores 
Total Raw Scores 0.65 49.43 8.12 
Raw Scores on 41 Items 0.63 16.74 6.22 
Uncertainty Scores -0.62 1.5 0.40 
Partial Knowledge Scores -0.57 102.22 43.10 
The whole Science Test {containing 70 items) was only a 
slightly better predictor than the shortened Sc-ience Test 
composed of only 41 selected items. This may be interpreted 
as indicating that items havinghigher dif'ficulty and one or 
two alternatives which possess some elements of truth were 
actually the more valid ones f'or this particular purpose. 
The uncertainty score on the 41 items gave an almost equally 
high prediction of grades. The partial knowledge score proved 
to be less valid. 
The use of' a measure of' uncertainty, partial knowledge 
or guessing is of value only if it supplements the information 
about a student contained in his raw .score. It should there-
fore correlate as low as possible with the raw score and as 
high as possible with the criterion. One of' the limitations 
of' the conventional formulae which are supposed to correct 
f'or guessing is the fact that they produce scores which cor-
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relate perfectly or almost perfectly with the raw uncorrected 
scores. To supplement the data contained in Table 5 1 Table 6 
was prepared which gives the correlations between the uncer-
tainty scores., the partial knowledge scores and the raw scores. 
Table 6. Product-Moment Correlation Coefficients between the 
Raw Scores on the 41 Science Test Items and the 
Uncertainty and .Partial Knowledge Scores. 
Raw Scores 
Uncertainty 
Scores 
-0.84 
Partial Knowledge 
Scores 
-0.94 
The results seem to indicate again that the uncertainty score 
is a more desirable measure. It will be recalled that a cor-
relation coefficient of f.84 represents only about 47 pe:ro cent 
-
ag:roeement between the two variables. A cor:roelation coeffi-
cient of f.94 represents about 70 per cent agreement. It seems 
the:roefore that the uncertainty sco:roe proposed herein appears 
to be of some promise and merits further investigation. In 
view of the rather encouraging results a multiple correlation 
coefficient (R) was computed using the raw scores on the 41 
items and the unce:rotainty scores as the two predictor variables. 
The multiple R was found to be equal to 0.68. This·means that 
_when knowing both a person's raw score and uncertainty score 
one could predict his success in a general chemistry course 
with somewhat better accuracy than knowing either score alone. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
Summ~.-- The hypothesis has been postulated that there 
is a relationship between the difficulty of an item and its 
predictive power and that a more valid score can be obtained 
if items are differentially weighted in accordance with their 
difficulty values. The measure of uncertainty or choice 
utilized in information theory has been applied to express 
the difficulties. (weights) of multiple-choice items. 
Three different weighting methods were proposed and 
tried out on the subtests of the Essential High School Con-
tent Battery (see Appendix). These were: Method A (weight. 
= log(l/p),)Method B (weight : p.log (1/p) t q.log (1/q)) 
and Method C (weight: p1 .log (l/p1 ) + p2 .log (l/p2 ) +•••••+ 
The experimental sample for whom weighted 
scores and grade-point averages were obtained consisted of 
240 freshmen; these students were enrolled in the Universi-
ties of Maine, New Hampshire and Vermont during 1950/51 and 
were tested with the Battery in the spring of 1950. Their 
.. 
grade-point averages earned during the first semester of 
their freshman year constituted the criterion against which 
the various weighting methods were validated. 
The effects of the three weighting methods upon relia-
bility of the measures was also analyzed. In addition two 
measures of partial knowledge and guessing, also based upon 
information theory, were proposed and their use illustrated. 
Conclusions.-- The results of the study lead to the 
following c~nclusions: 
1) None of the three weighted scoring methods produced 
significant improvements of the validity of the tests. The 
Social Studies Test and the· English Test seemed to have prof-
ited most by weighting. The greater length of these two tests 
and the fact that some of the items in the Social Studies 
Test contained wrong alternatives which seemed to possess 
some elements of truth might have caused this effect. 
2) The items of the Battery were not found to be par-
ticularly suited for validating the weighted scoring methods 
proposed herein. They were preselected by the authors with 
regard to their difficulty levels with the intent of maximi-
zing reliability by retaining as many items as near 50 per 
cent as ·possible while maintaining curricular validity. 
This preselection adversely affected methods A and B in 
particular. The pattern of the distribution of decoy values 
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of the various alternatives did not change much from item to 
item. Thus the range of weights in terms of method 0 was 
relatively small and did not produce any appreciable effects 
upon the correlation between weighted and unweighted scores; 
and subsequently any change in the prediction of the criterion. 
Effects on reliability: 
3) The split-half reliability of the Social Studies 
Test was slightly increased by all three weighted scoring 
methods. The reliability of the English Test, however, was 
decreased. In the other two subtests of the Battery~ (with 
the exception of method A in the case of. the Mathematics Test) 
the weighted scoring methods produced either no changes at all 
or decreased slightly the reliability of the measures. 
4) Testing the various scoring methods with regard to 
their effects on reliability suffered the same limitations 
as were discussed above in connection with the effects on 
validity. 
5) Statistical equivalence of the two halves into which 
each subtest was subdivided was considered satisfactory. 
Agreement between weighted and unweighted scores: 
6) Scores obtained by each of the three weighted scor-
ing methods were compared with unweighted (raw) scores. 
The very high agreement obtained in most cases has been in-
terpreted as explaining the results of both reliability and 
validity analysis. 
7) Scores obtained by method A showed the ·lowest agree-
ment with the unitary scores. But since method A did not 
consistently improve the validity o:f the tests, it must be 
concluded that whatever changes in rank order o:f individuals 
method A produced, they were not valid with regard to the 
criterion used. 
8) It is believed that if a greater number of items 
had been available from which different selections could 
have been made in such a way as to maximize the effects of 
Ct' 
.::J ,A 
every scoring method used, the results of this analysis would 
have been more revealing. 
Merits of the two "guessing" measures proposed: 
9) From the limited research which has been done with 
the two measures it appears that the "uncertainty" measure 
is of greater promise because it correlated higher with the 
criterion scores and lower with the raw scores than the 
"partial knowledgett measure. It seems therefore reasonable 
to conclude that the "uncertainty" measure merits more exten-
sive research. 
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CHAPTER VI 
LIMITATIONS AND SUGGESTIONS FOR 
FURTHER RESEARCH 
Limitations.-- The major limitation of the study was the 
fact that the proposed scoring methods were tried out on tests 
which were not particularly_desig~ed to take full advantage 
·or the theory applied. Therefore the obtained results cannot 
be interpreted as indicating that the theory is inapplicable 
in general: rather, it must be said that weighting items of 
tests similar to the ones used in this study cannot be ex-
pected to be particularly rewarding. 
Suggestions for further research.--
1) In view ·of the results of this study it will be 
necessary to construct items which will vary in difficulty 
over the whole range of possible difficulty levels. In 
addition, the distractors of the items should be so con-
structed as to vary in their decoy value from zero to 
maximum decoy value. There should be items some of whose 
distractors (one or more) are planned to possess recognized 
elements of truth. 
2) After having obtained items with such characteris-
tics, it will be possible to investigate again the validity 
of the various proposed weighted scoring methods using some 
reasonably objective criterion. 
3) A more adequate criterion than college marks is 
desirable. It probably should take the form of objective 
measures of educational outcomes in specific subject-matter 
areas for which prediction of success is important. 
4) The general applicability of the theory of communi-
cation and information presents a challenge to the social 
scientists in general and to the ones who make use of 
statistics in particular. The theory is applicable whenever 
one is concerned with the accuracy of transmission of symbols 
of communication,. or with precision with which the transmitted 
signals convey the desired meaning or with the effectiveness 
with which the received meaning affects conduct in the desired 
way. It is particularly recommended to those who deal with 
verbal communication problemsj such as philologists and 
teachers. 
5) The writer intends {and recommends to other workers 
in the field) to become more thoroughly acquainted with all 
the aspects of the theory and keep abreast of new develop-
ments. For the convenience of the reader,. some of the most 
recent publications on information theory, having a more 
direct relation to the social sciences, have been included in 
the Bibliography of this study. 
6) Uses and applications in the social sciences should 
be made in particular of the following measures given in the 
theory: 
a) amount of information (choice., uncertainty or 
entropy) 
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b) relative entropy 
c) redundancy 
d) rate of transmission {capacity of the channel) 
e) effectiveness of coding and decoding and its 
influence upon the rate of transmission 
f) equivocation (undesirable uncertainty). 
7} Considering educational measurement problems, the 
following applications should be explored: 
a) the measure of rate (the amount of information 
transmitted per second) in relation to speed 
tests 
b) measures of rate, effectiveness of coding and 
decoding in relation to perfect construction 
of answer sheets and to test reliability 
c) the concept of equivocation in ~elation to 
measuring e.g. test reliability, and guessing 
d) replacement of the conventional correlation 
coefficient in prediction studies by a measure 
of the "uncertainty of predictionn. 
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The classic simplicity of the theorems of inform~tion 
theory may bring about, when fully and correctly applied, true 
advances in the social ·Sciences by helping to make them at 
last quantitative disciplines. It may be that we are now 
ready to develop an exact theory of meaning. Information 
theory is specifically adapted to handle one of the most 
significant but difficult aspects of meaning, namely the 
influence of context. In closing, it seems appropriate to y 
quote Weaver who says: 
"I feel sure that Eddington would have been willing to 
include the word meaning along with ~entropy~, beauty 
and melody; and I suspect he would have been thrilled 
to see, in this theory, that entropy not only speaks 
the language of arithmetic; it also speaks the language 
of language." 
I7 c. E. Shannon and w. Weaver, The Mathematical Theory of 
~ommunication, The University of Illinois Press, Urbana, 
1949, p. 117. . 
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APPENDIX 
Essential High School Content Battery 102 
by DAVID P. HARRY, Graduate School, Western Reserve University 
and WALTER N. D U R 0 S T, .School of Education, Boston University 
DIRECTIONS: 
Do not open this booklet until you are told to do so. 
This booklet contains four tests: Test 1, Mathematics; Test 2, Science; Test 3, Social Studies; and Test 4, 
English. You will have one testing period (45 minutes) for each test except English, for which you will have 
two periods. 
You are not expected to be able to answer all the questions in any test. Do not worry if you find a 
question on something you have not covered in class. Do the best you can, but do not spend too much time 
on any one question. Work as rapidly and as accurately as you can. When you finish a page, go on to the 
next page unless the directions at the bottom of the page tell you to stop. 
Record your answers on the separate answer sheet. Make no marks of any kind on this test booklet. Use 
scratch paper when necessary for the Mathematics and Science tests. 
Most of the questions in the Mathematics, Science, and Social Studies tests have five possible answers. 
(Whenever a different type of question is used, special directions are given within the test.) Read each question 
and decide which of the possible answers is best. When you are not quite sure what the answer is, make the 
best choice you can; but do not make wild guesses. 
Study the sample questions below, and notice how the answers are to be marked on the separate answer sheet. 
Sample 1 Sample2 Sample 3 
The sum of 10 plus 10 is - What is the title of the Chief Executive 
of the United States7 
The electric light was discovered by-
a. 0 f. Bell. 
b. 15 1. Vice-President g. Faraday. 
c. 17 2. Chief Justice h. Marconi. 
d. 20 3. Secretary of State i. Morse. 
e. 100 4. President j. none of the above. 
5. none of the above 
For Sample 1, the answer, of course, is "20," which is answer d. Now look at your answer sheet. On 
;he right-hand side of the cover page there is a box labeled "Answer Spaces for Samples." In the five answer 
;paces ·after Sample 1, a heavy mark has been made filling the space (the pair of dotted lines) marked d. 
rhe correct answer for Sample 2 is "President," which is answer 4; so for Sample 2 you would answer by 
)utting a heavy black mark that fills the fourth space, under the number 4. Do this now. Sometimes the 
~rrect answer is not shown among the choices. Sample 3 shows you how to mark questions of this kind. 
ror Sample 3, the correct answer is "Edison." Since Edison is not given as one of the responses, you should 
nake a mark in the fifth space, which is marked j, unone of the above." Do this now. 
In the English test several different types of test questions are used for the different parts of the test. 
~pecial directions and samples for these are given at the beginning of each part. Study these directions and 
:amples carefully before you start each part of the test. 
When you are told to open your booklet, turn to Test 1, Mathematics, and begin. Read each question 
~arefully and decide which one of the answers is best. Notice what number or letter corresponds to your 
:hoice. Then, on your separate answer sheet, opposite the question number, make a heavy black mark in the 
pace under that letter or number. Always be sure that the question number in the test booklet and on the 
ffiSWer sheet agree. Erase carefully any answer mark you wish to change. Be careful not to make stray 
o.arks of any kind on your answer sheet. Ask no questions after the examination begins. 
Published by World Book Company, Yonkers-on-Hue/son, New York, and Chicago, Illinois 
Copyright 1950 by World Book Company. Copyright in Great Britain. All rights reserved 
PlUNTED IN U.s.A.. EHSCB:.A.-1 
a 
Part A 
. 1. The sum of f, f, t, and -fi is -
a. -irr 
b. t 
c. t 
d.ft 
e. none of the above 
2. i written as a decimal is -
f •. 375 
g. .625 
li. 2.66 + 
i. 3.8 
j. none of the above 
TEST 1. MATHEM(ATICS 
9. What does (a4) 2 equal? 
Ia. al 
b. 2 a4 
• c. a6 
d. a8 
• e. none of the above 
Ees. H. S. Can~ B 
10. The values of x and y which satisfy the eqru 
x + y = 7 and 3 x - 4 y = 7 are-
1
f. X= 2,1/ = 5 
~g. X = -2, 1/ = -5 
~X= 5,1/ = 2 
!i. X= 4,1/ = 3 
1
j. none of the above 
. 11. If bne angle in a right triangle equals 40°, what: 
3. How many f-inch distances are contained in a distance sm;aner of the other angles? 
kt. 40° of 4i inches? 
a. n 
b. 9 + 
c. 12 
d. 24 
e. none of the above 
4. The product of i and i is -
f. t 
g. t 
h. f 
i1-f2 
j. none of the above 
5. 640 + 0.04 equals-
a. 160 
b. 1600 
c. 16,000 
d. 160,000 
e. none of the above 
6. What is the square root of 196? 
f. 14 
g. 98 
h. 392 
i. 38,416 
j. none of the above 
7. What is i% of $532? 
a. $266.00 
b. $26.60 
c. $2.66 
d. $.266 
e. none of the above 
8. What per cent of 300 is 12? 
f. 0.4 
g. 25 
h. 36 
i. 40 
j. none of the above 
~· 50° 
,c. 90° 
~- 140° 
le. none of the above 
I 
12. T~e factors of x2 + 2 x - 15 are-if. (x- 5)(x + 3) 
g. (:u - 5)(x - 3) 
h. (x + 5)(x - 3) 
!i. (-X + 5) (-X - 3) 
j. none of the above 
13. what does (3 x2)( -2 x3y.) equal? 
a. xy 
p. -6 xf>y 
c. -,6 XSy 
d. -18 xf>y 
~- none of the above 
14. In the equation 2 x - 4(2 - 3 x) = 27, the val 
xiJ-
. . 
t. 2.5 g. 3.5 
~7 
li. 35 
J· none of the above 
i 
15. In the equation 5 n - 8 = 2 (n + 4), the value of 7l 
. I 
[ 2 ] 
~- 0 
~- 2f Q. 4 
q. 5i 
~. none of the above 
16. If i;he length of a radius of a circle is 20 inches, w: 
thei length of the circumference? ('Ir = 3.14) 
f. 31.4 
g. 62.8 
h. 125.6 
i. 1256 
j. none of the above 
Go on to the next 
Ess. H. S. Cont. Batt.: A 
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The value of V in the equation V = t m-3 when 1r = 3t 
mdr = 31-is-
a. 25i 
b, 44 
c. 179i 
d. 539 
e. none of the above 
[£ log 4.254 equals 0.6288, what will log 425.4 equal? 
~Common logs.) 
f. L6288 
g. 2.6288 
h. 6.2880 
L 62.8800 
j. none of the above 
illhat is the value of the hypotenuse of a right triangle 
vhose perpendicular sides are 1.5 and 2.0? 
a. 2.5 
b. 3.5 
c. 6.25 
d. 12.25 
e. none of the above 
f the hypotenuse of the right triangle in the figure 
~bove equals 8, and angle A equals 30°, what is the 
ength of side b? 
f. -tV3 
g. 4v'3 
h. iv/3 
i tv/3 
j. 4 
·B 
%.at is the quantity obtained when two or more 
Lumbers are combined by multiplication? 
a. area 
b. product 
c. quotient 
d. ratio 
e. none of the above 
l general answer, rule, or principle stated in mathe-
laticallanguage is called a-
f. formula. 
g. function. 
h. locus. 
i. logarithm. 
j. binomial. 
23. A quantity which may have different values during 
the sa.ttle discussion is -
a. a characteristic. 
b. a constant. 
c. a resultant. 
· d. a variable. 
e. none of the above. 
24. The integer at the right of and above a quantity indi-
cating that the quantity is taken as a factor that many 
times is called the.-
f. coefficient. 
g. constant. 
h. factor. 
i. square. 
j. exponent. 
25. The sum of the lengths of the sides of a polygon is 
the-
a. apothem. 
b. area. 
c. perimeter. 
d. circumference. 
e. diagonal. 
26. A quadrilateral with one and only one pair of parallel 
sides is a-
f. pyramid. 
g. rectangle. 
h. rhombus. 
i. triangle. 
j. trapezoid. 
27. What is the perpendicular distance from a vertex of a 
triangle .to the opposite side? 
a. altitude 
b. apothem 
c. hypotenuse 
d. transversal 
e. none of the above 
28. A solid bounded by six planes with its twelve edges all 
equal and its face angles all right angles is-
f. a cube. 
g. a frustum. 
h. a cylinder. 
i. a pyrannd. 
j. none of the above. 
I 3 l Go on to the next p~e. 
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Parte 
DmECTIONS. In this part you are NOT to solve the problems, 
but you are to indicate which process or processes you would 
use to solve a given problem. The different processes are 
indicated (in the choices) by letters as follows: 
A- if you add. 
D -if you divide. 
M -if you multiply. 
S -if you subtract. 
When several processes are used in a problem, the letters for 
all of them are given in the order that you would use them. 
For example, M-A-M would mean that you would first 
multiply, then add, and then multiply. After deciding upon 
the correct response, record your answer on the answer sheet 
in the same manner as you did in preceding sections. 
29. To find how much change is due when more than the 
exact amount of the bill is offered in payment-
a. A 
b. A-8 
c. M-A 
d.S 
e. none of the above 
30. To find the time required for a car to travel a certain 
distance when the distance in miles and the rate in 
miles per hour are given-
f. D 
g. M 
h. M-A 
i M-M 
j. none of the above 
31. To find the total amount to be paid if there is a per-
centage federal tax on the article bought-
a. A 
b. A-A 
c. M-A 
d. M-8 
e. none of the above 
32. To find the cost ·of laying linoleum on a rectangular 
kitchen floor if you lmow the dimensions and the cost 
per unit area -
f. M-A 
g. M-M 
h. M-8 
i. S-M 
j. none of the above 
33. To find the gross profit when the cost and the selling 
price are !mown-
a. A 
b. A-D 
c. D 
d. M 
e. none of the above 
34. Td find the cost of a bill of goods, if discount is allc 
for cash, when the total cost and the rate of disc, 
arelmown-
tM 
g. M-A 
h. M-8-M 
~. M-8-M-8 
ll· none of the above 
35. To1 find the rate of taxation on a house when th« 
sed;ed valuation and the tax bill are given-
a.n 
~. D-M 
c. D-8 
d.M 
e. none of the above 
Part D 
' DIRE~ONS. In this part you are to solve each problem. 
36. Wh~t· is the monthly bill for milk if 124 quarts · 
purchased at 23 cents per quart? 
f~ $27.52 
g+ $28.52 
hl $55.04 
il $57.04 j; none of the above 
I 
3'7. Wh~t is the bank discount on a note of $144 fc 
days at 6 per cent? 
aJ $.72 
b~, $1.44 
cJ $2.16 
dJ $7.20 
e. none of the above 
' 38. Mr.
1
Black carried the following insurance on his 
Bodily iniury liabillity- $10,000 each person 
I 
:$20,000 each accident. Premium $26.45. 
Property damage liability- $5000 each accic 
Premium $3.50 per $1000. 
Comprehensive (loss or damage by fire, the} 
windstorms)- $1000 at rate of $1.60 per ~ 
Gollis~un or. upset- actual cash value less 
Premium $46.00. 
Medical payments - $500 per person. Pren 
$5.00. 
What was the total premium paid by Mr. Black? 
f. 1$77.45 
g. ·$80.95 
h. $82.55 
i. $110.95 
j. none of the above 
[ 4 ] Go on to the next 1 
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n electricity bill listed the meter readings in kilowatt-
ours as follows: 
August 4 Sept. 2 
5488 5644 
' the bill was $4.61, what was the approximate 
verage cost per kilowatt-hour? 
a. $.18 
b. $.08 
c. $.03 
d. $.02 
e. none of the above 
baseball team won 78 of the 130 games played up to 
-certain date. If it w:i:O.s 15 of the remaining 24 
tmes, what is its :final "percentage" carried- to three 
~cimals? 
f •. 600 
g •. 603 
h .. 625 
i .. 662 
j. none of the above 
a recipe calls for a mixture of 5 parb:! oil and 3 parts 
negar, how much vinegar will_be needed to make 12 
nts of the mixture? 
a. 4pt. 
b. 5.5 pt. 
c. 7.5 pt. 
d. 8pt. 
e. none of the above 
b.e assessed value of a·man's- house and lot was $8400. 
b_e tax rates for city, school, and county purposes 
are 15.2, 12.3, and 2.5 mills per $1.00 respectively. 
'hat was the annual tax bill? 
f. $25.20 
g. $126.00 
h. $127.60 
i. $252.00 
j. none of the above 
used radio was marked $45, which the dealer said 
ts at a discount of 40 per cent. What was the price 
fore the discount? · · · 
a. $63.00 
b. $75.00 
c. $85.00 
d. $112.50 
e. none of the above 
PartE 
2-400 H--t-t-t-t-r-t-t--HH--t-t-t-t-t-t-t--H-1 
., 2200 H--t-t-t-t-r-t-t-+-H--+-t-t-+-t-t-t-+-:lr-1/ 
_'§2000 _L 
e tsoo H--r-t-t-r-r-t-r+-t-t--+-t-t-+-t-t--n,'H-1 
Ill 1600 H---t-t-t-!-r-t-t-+-H-+-t-t-+-t-t--;1!-' -H-1 
-~ 140Q H-±-t-t-::t.-r-t-++-H-+-t-t--t-i-t.f-,1-1--H 
-: 1200 H-~-i~---t-_-t_ ~-~1-','T-;,:-t, -++-H-:/:::t-=-k-,-H-:>,-,.,.-!--H-1 
~ 1 0 00 H--t-t-t-t-r-t-.-:t--t--:;P..:'t-t-t-'f~'-1~ -++-1-1--H ~ 8 00 1-+--t-t--t-t--H-'-r--"f':...,'H-+-1-1--+-+-+-t--H:-1 
60 o H-t--H-+-t--11-1--+---H--+-t--t-t-+-t-f--l-H 
1925 !930 1935 
Years 
1.940 1945 
44. The line graph above represents average yearly earn~ 
ings of industrial workers for the years 1925-1945 
inclusive. What was the approximate average earning 
in 1943? 
. f. $1775 
i. $2050 
10 
9 
8 
lJ1 
tl 6 
~5 
;54 
3 
2 
v 
v 
II 
g. $1800 h. $1900 
j. none of the above 
t-: r-
b:::: f-
I-
I-
_.....,....-
~ a ~ u a ~ ~ • w n 
Area : 
45. The line graph above represents the relationship be-
tween the length of the diameter and the area of a 
certain geometrical :figure. What is the approximate 
length of the diameter when the area is exactly 60? 
a. 8.5 b. K75 c. 9 
d. 28 e. none of the above 
~ 160 
~170 
.§ 160 
J:ilSO 
..., 140 
§ 130 
a tzo 
~ 110 
100 
0 
I-
b:o:::: 
r-
2 
!--" 
....... 
~;--
4 5 
Years 
....... 
.6 
v 
v 
....... 
7 8 
46. The line graph above represents the amount (principal 
plus interest) that would result if $100 was invested 
at 6% interest compounded annually~ What is the 
approximate amount to which $100 would grow in 5 
years? 
f. $130 
i. $136 
g. $132 h. $134 
j. none of the above 
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E. X -y=5 
F. X +11 ~2 
G. 2x2·- y = 5 
' I I~ 
"' 
f"'-
EQUATIONS 
H. x2 + y2 = 25 
I. x2- y2=9 
J. 2x<J. +3y2 = 60 
GRAPHS 
y 
. I 
/ .... G 
'\. I""' 
"' 
~ {1,4 
"' 
f"'- t, 
~· 
"' 
y 
1"--
"' 
4,1 /' 
X' \ I"' 
"' 
/ 
\ I i"' / 
"' \ I X ~ D \ v 
"' 
'\. 
1/ f' ~ 
\ / ' 
/'r 
' 
y v 
''\ lL v -::::-< H /-I 
~ v 
' 
v 
4f\ I ~ 
tf \ I \,\ ..... J 
X' X 
\\ I \ /II 
~~ \I/_ 
lL ~ / 
""" 
Ib" -......::: -- -- / 
""' 
....__ 
-Y' I' 
I/ 
X 
Questions Jr7 through lr9 are based on the graphs and equations 
· above. 
47. Which of the following curves is a parabola? 
a. G b. H c. I 
d. J e. none of the above 
48. Lines E and F intersect at what point? (See equa-
tions.) 
f. X = 3.5, y = -1.5 
h. X = 1.5, y = 3.5 
j. none of the above 
g. X = 3.5, y = 1.5 
i. X = 1.5, Y = -3.5 
49. In lineD what is the value of x when y = +2? 
a. -3 b. -2 c. +2 
d. +7 e. none of the above 
' 
Part F 
50. T:Q.e number of degrees in the circumference of a , 
is-:-
£. 60 
g. 90 
!h. 180 
li. 360 
:j. none of the above 
51. wpat is the perimeter of a rectangle whose bas 
and whose altitude ish? 
~. 2(r+ h) 
r· 2 rh . 
c. r + h 
ti. rh 
~ none of the above 
52. What is the area of a circle whose radius is r? 
[f. 2 1r1' 
~· 2 1r1'2 
h. i 1r1'2 
. 1. t 111"2 
~. none of the above 
53. T~e number of cubic inches in one cubic foot is-
t 27 
b. 144 
t. 160 
d. 1728 
~- none of the above 
54. ~at is the volume of a cube, each of whose 12 
is r? 
f. 12 r 
g. 12 r2 
)1. 3 r 
~'f'J 
j. none of the above 
55. W4at is the perimeter of a regular hexagon ins1 
in a circle whose radius is r? I . 
~2111" 
b. t 1r1' 
cL t 1r1' 4 4r 
~· none of the above 
I 
56. The cosine of angle A in the isosceles right tr 
above is-
f. 1 
g. -Y2 
h .. tv'2· 
i.. tV3 
j. none of the above 
[ 6 ] Go on to the nexf 
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G 
TABLE oF SQUARES, CUBES, SQuARE RooTs, 
.AND CUBE ROOTS 
BER 
n2 na v'7i 
) 225 3875 8.8730 
) 400 8000 4.4721 
) 625 15625 5.0000 
) 900 27000 5.4772 
; 1225 42875 5.9161 
I 1600 64000 6.3246 
; 2025 91125 6.7082 
I 2500 125000 7.0711 
ons 57 and 58 are based on the table above. 
fb.at is the square of 8.5? 
a. 5.9 
b .. 12.25 
c. 122.5 
d. 1225 
e. none of the ab9ve 
~ 
2.4662 
2.7144 
2.9240 
3.1072 
3.2711 
3.4200 
3.5569 
3.6840 
fb.at is the approximate cube root of 15,000? 
f. 2.47 
g. 24.7 
h. 247 
i 5000 
j. none of the above 
-------...-
LE SHOWING AMOUNTS THAT A PRINCIPAL OF $1.00 
.n EQUAL IF INTEREST WAS COMPOUNDED ANNuALLY 
RS li% lt% 2!-% 2f% 3!% 
-
1.025 1.035 1.046 1.056 1.066 
' 
·1.051 1.072 1.098 1.115 1.136 
f 1.077 1.110 1.143 1.177 1.212 
' 1.104 1.149 1.195 1.242 1.292 
' I 1.132 1.189 1.249 1.311 1.377 
: 1.161 1.231 1.306 1.885 1.468 
' 
1.190 1.275 1.365 1.462 1.565 
: 1.220 1.320 1.428 1.544 1.668 
ms 59 and 60 are based on tke table alJove. 
fb.at would $10 amount to if loaned at 2i per cent 
terest (compounded annually) for 8 years? 
a. $1.195 
b. $11.43 
c. $11.95 
d. $12.42 
e. none of the above 
fb.at rate of interest; approximately, if compounded 
mually for 12 years, would secure a return of $38.50 
terest on a loan of $100? 
f. 3i% 
g. 2!% 
h. 2i% 
i. 1t% 
j. none of the above 
Part H 
DIRECTIONS. Read the geometric condition; then complete 
the statement by selecting from the :five choices presented 
the result that could be proved. 
61. If two parallel lines are cut by a transVersal, not at 
right angles, the interior angles on the same side of the 
transversal are -
a. complementary. 
b. equal. 
c. supplementary. 
d. similar. 
e. none of the above. 
62. If a diameter of a circle bisects a chord which is not 
a diameter, it-
f. is tangent to the circle. 
g. is perpendicular to the chord. 
h. is not perpendicular to the chord. 
i. forms an angle measured by the intercepted arc. 
j. none of the above. 
63. If two right triangles have an acute angle of one equal 
to an acute angle of the other, the triangles are -
a. congrUent. 
b •. corresponding. 
c. equal. 
d. similar. 
e. none of the above . 
64. In a trapezoid, if a line is drawn from one of the non-
parallel legs to the other, bisecting one of the legs and 
parallel to the bases, it equals -
f. one half the sum of the bases. 
g. the sum of the bases. 
h. the sum of the squares of the legs. · 
i. the sum of the legs. 
j. none of the above. 
65. If two points are each equidistant from the ends of a 
segment of a line, they-
a. are parallel. 
b. are perpendicular. 
c. cut off equal segments on any transversal. 
d. determine the perpendicular bisector. 
e. none of the above. 
66. If a point on a sphere is at a quadrant's distance from 
each of two other points, not the extremities of a 
diameter, it -
f. is the point of tangency. , 
g. determines the perpendicular bisector~ 
h. is a zo1;1e on the sphere. · 
i. is the pole of a great circle through these points. 
j. none of the above. 
[ 7 1 STOP! Do not go on to the next page. 
Ess. R. S. Cont. B1 
TEST 2. SCIENCE 
Part A. Science Information 
Sedion I 
1. The science which deals with the composition of substances 
is called-
a. chemistry. 
b. ecology. 
c. physics. 
d. meteorology. 
e. physiology. 
2. Substances are broken down into simpler substances by the 
process of-
f. synthesis. 
g. assimilation. 
h. photosynthesis. 
i precipitation. 
j. decomposition. 
3. A substance composed of two or more elements that are 
united chemically and in definite proportions is called -
a. an alloy. 
b. a compound. 
c. a :mixture. 
d. an emulsion. 
e. a solution. 
4. All living matter consists of -:-
f. cytoplasm. 
g. nucleus. 
h. protoplasm. 
i chromatin. 
j. plasma. 
5. Which one of the following terms refers to the temperature, 
humidity, rainfall, wind, and sunlight, collectively, of a 
locality over a long period of time? 
a. atmosphere 
b. climate 
c. season 
d. weather 
e. environment 
6, Poisonous substances secreted by· vegetable and animal 
organisms are called -
f. antitoxins. 
g. enzymes. 
h. antibodies. 
i toxins. 
j. hormones. 
7. The parts .of a reproductive cell which carry the new organ~ 
ism's hereditary characteristics are called -
a. chloroplasts. 
b. chromosomes. 
c. ovules. 
d. embryos. 
e. spermatozoa. 
8. Digested food is converted into living protoplasm by the 
process of-
f. assimilation. 
g. catabolism. 
h. excretion~ 
i. digestion. 
j. respiration. 
9. The change in direction of a ray of light as it passes 
one medium to another is known as -
i a. dispersion. 
!b. aberration. 
1 c. distortion; 
:d. reflection. 
1 e. refraction. 
10. Cdrbon dioxide and water are converted into carbohy< 
by the process of -
f. nutrition. 
g. photosynthesis. 
h. metabolism. 
, i. reduction. 
! j. digestion. 
11. The process by which the nucleus of an atom sp 
called-
a. :fission. 
)>. chain reaction. 
c. analysis. 
d. radioactive decay. 
e. reduction. 
12. Atoms having the same atomic numbers and the 
chemical properties but different atomic weigh1 
called-
f. electrons. g. aldehydes. 
h. isotopes. 
!i. neutrons. 
ij. ions. 
13. Ne~essary nutrient compounds containing nitroge 
map.e up of amino acids are called-
~. minerals. 
b. fats. f· proteins. 
d. vitamins. . 
~. carbohydrates. 
i 
14. Un¢l.er standard conditions, increasing the pressure ~ 
to a typical gas causes it to -
f. occupy more space. 
g. become cooler. 
h. become denser. 
i. change mass. 
]. react in a manner which cannot be determine 
the information given. 
15. The force acting on an object, multiplied by the d 
through which the object is moved, is a measure of 
II-· energy. 
q. power. 
c. weight. 
d. work. 
e. efficiency. 
16. What is taking place when molecules combine wi1 
other to form larger and larger molecules that ar 
multiples of the original molecules? 
f. condensation 
g. deliquescence 
h. sublimation 
i. polymerization 
j. distillation 
[ 8 ] Go ori to the nex 
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Section// 
Le velocity of light is approximately -
a. 5280 miles per sec. 
b. 186,000 miles per sec. 
c. 240,000 miles per sec. 
d. 1,100,000 miles per sec. 
e. 93,000,000 miles per sec. 
compound whose water solution turns blue litmus red 
f. an acid. 
g. a base. 
h. the oxide of a metal. 
i. a hydroxide. 
j. an alkali. 
hich of the following normally contains the most cellu-
:e? 
a. the nucleus of a plant cell 
b. the nucleus of an animal cell 
c. the cytoplasm of a plant cell 
d. the wall of an animal cell 
e. the wall of a plant cell 
hich of the following inventions contributed most to 
~ development of a better understanding of contagious 
;eases? 
f. X-ray tube 
g. clinical thermometer 
h. compound microscope 
i. stethoscope 
j. sphygmomanometer. 
hich of the following inventions was the most crucial 
the development of television from radio? 
a. vacuum tube 
b. transformer 
c. condenser 
d. photoelectric cell 
e. inductance coil 
le usual unit for expressing the intensity of the light falling 
a surface is a -
f. frequency. 
g. candle power. 
h. foot-candle. 
i. watt. 
j. wave length. 
the metric system the basic unit of weight is the-
a. gram. 
b. pound. 
c. meter. 
d. liter. 
e. centimeter. 
24. In the metric system the basic unit of volume is the -
f. centimeter. 
g. gram. 
h. liter. 
i. meter. 
j. cubic foot. 
25. The basic unit used in expressing the amount of electro-
motive force is -
a. an ampere. 
b. a farad. 
c. an ohm. 
d. a volt. 
e. a watt. 
26. The chemical name for common baking soda is-
f. sodium chloride. 
g. sodium hydroxide. 
h. sodium carbonate. 
i. sodium bicarbonate. 
j. sodium nitrate. 
Questions 27 and 28 each comist of the common name of a sub-
stance. From the list at the right, select the chemical name of 
each substance and mark its letter on your answer sheet. 
COMMON NAMES C:8EMICAL NAMES 
a. silver sulfide 
27. rust b. mercuric oxide 
c. ferric oxide 
28. quicksilver d. ferrous sulfate 
e. mercury 
. For questions 29 and 30, select from the list of organic acids the one 
which occurs characteristically in the common substance named. 
COMMON SUBSTANCES ORGANIC Acms 
a. acetic acid 
29. vinegar b. butyric acid 
c. citric acid 
30. sour milk d. lactic acid 
e. stearic acid 
Each of questions 31 and"32 gives an iUustration of heat transfer. 
From the methods of transfer listed beside the questions, select 
the one which descrt'bes the principal way in which the heat is 
transferred. On your answer sheet, opposite the question number, 
mark the space which has the same letter as your choice. (The 
same answer may be chosen for both questions.) 
ILLUSTRATIONS 
31. Burning yourself by staying 
in the sun too long. 
32. Burning your :fingers on a 
hot electric grill. 
METHODS OF TRANSFER 
a. convection currents 
b. conduction 
c. diffusion 
d. radiation 
e. dispersion 
[ 9 ] Go on to the next page. 
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Each of questions 33 through 37 is a descriptive statement which 
applies to a noted scientist. For each question select from the list 
of scientists the one to whom the statement applies. On your 
answer sheet, opposite the question number, mark the spaee which 
has the same letter as your choice. (The same scientist may be 
chosenfor more than one statement.) 
. 33. He formulated the law of gravitation. 
34. He invented the first workable com-
pound microscope. 
35. He developed a method of killing 
harmful organisms in milk. 
36. He was an American plant breeder, 
famous for the many new kinds of 
flowers, fruits, and vegetables he 
developed. 
31'. He formulated the basic Iaws of 
heredity on dominant and recessive 
characteristics. 
Se~fion lV. 
a. .Archimedes 
b. Copernicus 
c. Darwin 
d. Leeuwenhoek 
e. Newton 
a. Burbank 
b. Darwin' 
c. Jenner 
d. Mendel 
e. Pasteur 
For questions 38 through 42, use your knowledge of scientific ex--
periments, facts, laws, and principles as a basis, and decide for 
each statement which of the following five categories best describes 
the degree of truth or falsity of the belief. On the answer sheet, 
mark-
T- if it has been demonstrated clearly that the 
statement is definitely true. 
PT- if the evidence indicates that the statement is 
probably true, but does not clearly demonstrate 
this. 
I-if the statement is indeterminate, or if it is impos-
sible to evaluate it from the available evidence. 
PF-jf the evidence indicates that the statement is 
probably false, but does not clearly demonstrate 
this. 
F -if it has been aemonstrated clearly that the 
statement is definitely false. 
STATEMENTS 
38. People born when certain planets are ascendant show the 
in:fl.u~nce of the planets in their personalities. 
39. One can tell the approximate age of a tree from the rings 
in the cross-section of its trunk. 
40. Children of superior intelligence are more apt to be weak 
physically than are children of average intelligence. 
41. The color red is more exciting to bulls than any other 
color. 
42. Mothers know by intuition how to care for their children. 
Part B. Using the Concepts of Science 
Section I 
DIREC'l'IONS. For each of questions 43 through 49, select fr 
list of principles just above the questions the one which l 
specificqlly illustrated by the situation given in the question. C 
answer sheet, mark the space which has the same letter as your 
(The same principle may be used for more than one illustratio 
' For qw;stions 43 and #, use the following principles: 
I 
a. 'Even the most complex machines are combinatio 
:of one or more of the simple type machines. 
b. To change the rate or direction in which an objE 
~s moving requires the application of force. 
c. !Liquids and gases transmit pressure equally in 
,directions. 
I 
d. fl'he kinetic energy of molecules determines t 
physical state of matter. 
e. /!.. strong force, called gravity, tends to cause 
objects in the universe to move toward each 0th1 
ILLUSTRATIONS 
43. "What goes up must come down." 
44. Th~ clutch pedal of an automobile operates on the pr 
of a lever. 
For questions 45 through 47, use the following principles: 
a. Species have survived because of adaptations a 
adjustments which have fitted them to the con 
uons under which they live. 
b. Through interdependence of species and the strug; 
f.or existence, the many forms of life tend to ma: 
~ain a balance in number and kind. 
c. 'fhere have been profound changes in the clima 
J:lot only of certain regions but also of the earth a 
whole. 
I 
d. The sun is the chief source of energy for the ear 
I . 
e. :o/faterial substances and physical conditions j 
~ting factors to life. 
ILLUSTRATIONS 
45. Fossilized remains of tropical plants have been fo 
Greenland. 
46. The'Japanese beetle was introduced into America. a 
tally;; a parasitic Japanese wasp was later intr 
pur~osefully. 
47. Gradual cb,anges in the st;ructure of birds are inc 
by their fossil remains. 
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'Ue8tions 48 and 49, use the following principles: 
L. Matter and energy cannot be created. 
1, In chemical changes a definite quantitative relation-
ship exists between the amounts of substances re-
acting and the amounts of the substances produced . 
by the reaction. 
:. Chemical. electrical, and physical changes are 
manife£tations of energy changes. 
l. All matter is probably electrical in structure. 
• The properties of the different elements depend on 
the number and arrangement of the electrons, neu-
trons, and protons contained in their atoms. 
ILLUSTRATIONS 
1le elements fall into natural families or groups. 
11e existence and characteristics of the element germanium 
rere both predicted years before its discovery. 
r,ch of questions 50 and 51, a commmt misconception is 
From the list of principles just above the questions, select 
~e which the stated misconception most clearly violates. 
the answer space which has the same letter as your choice. 
same prirunple may be used for both misconceptions.) 
PRINCJ:P;LES VIOLATED 
, All life comes from life and produces its own kind of 
living organism. 
Related persons are more apt to have recessive 
genes for the same desirable traits than are persons 
who are not related. 
Heredity determines lx>th the differences and the 
resemblances among offspring and between off-
spring and their parents. 
Only the physical structure of an organism has been 
demonstrated to be controlled by genes. 
There is great variety in the size, structure, and 
habits of living things. 
COMMON MISCONCEPTIONS 
particles of "mother" are allowed to :fioat in vinegar, 
ey will turn into the small threadworms known as 
vinegar eels." 
1berculosis can be inherited. 
Section II 
DIREOTroNs. Each of questions 52 through 61 states a problem from 
everyday life. From the generalizations listed above each group of 
questions, select the one which applies most specifically to the problem 
stated by the question. The best generalization does not necessan1y 
solve the problem, but is the one most significantly related to it. On 
your answer sheet mark the space which has the same letter as your 
choice. (The same generalization may be used for more than one 
problem.) 
For questions 52 through 54, use the following generalizations: 
a. Nutrition has important lasting effects on an or-
ganism's growth, physical energy~ disposition, com-
plexion, and resistance to diseases. 
b. Regulation of housing and working conditions that 
affect health has to be entrusted to public agencies. 
c. The physical health of an individual is closely 
related to the activities and well-being of other 
individuals. 
d. Many patent medicines contain drugs which dan-
gerously upset the body's metabolism or are habit-
forming. 
e. Communicable diseases are due. to specific micro-
organisms or viruses that are carried from host to 
host in definite ways. 
PRoBLEMS 
52. How does draining stagnant pools help control malarial 
fever? 
53. Why does the Federal Communications Commission con-
trol the advertising of medicines on the radio? 
54. What is the probable outcome if a nation or people exists 
on a substandard supply of food for a long time? 
For questions 55 and 56, use the following generalizations: 
a. The laws that describe inheritance in plants and 
animals are essentially the same as those that 
describe inheritance in man. 
b. With respect to a given trait, there is considerably 
more variation between individuals within a given 
racial or similar group than there is between ·the 
averages of each of the groups. · · 
c. The response of an individual to any situation 
depends, in part, upon his previous experiences. 
d. Physical and psychological characteristics show a 
wide range of variation among individuals. 
e. ';['he various organs of an individual develop at 
different rates and at different periods. 
PRoBLEMS 
55. Should every individual be evaluated on the basis of his 
own demonstrated personlility and ability instead of on 
his nationality or religion? 
56. How can the physical changes which typiciilly occur during 
adolescence be explained? 
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For questions 57 through 59, use the following generalizations: 
a. Agriculture may be carried on by methods which 
conserve the soil. 
b. Modem technology has brought about rapid growth 
of cities with corresponding decline in rural popula-
tion. 
c. Application of the sciences has increased man's un-
derstanding of and control over plant and animal 
life. 
d. The development of processes for making synthetic 
materials from the more abundant raw materials is 
an aid to the conservation of natural resources. 
e. Many materials taken or made from the earth's 
crust are critically important for modem industry. 
PROBLEMS 
57. What is one of the basic reasons for rotating crops, allow-
ing land to "rest," contour plowing, and planting cover 
crops? 
58. Why are countries sometimes classified economically as 
the "have" and "have not" countries'? 
59. In the older countries, extensive erosion which has been 
occurring for centuries has caused much hardship and 
suffering. How could this have been prevented'? 
For questions 60 and 61, use the following generalizations: 
a. The application of scientific findings has brought 
about conditions such that no individual can be 
expert enough, even in basic areas, to look .after all 
his needs. 
b. Extreme subdivision of work often leads to exces-
sive strain through monotony as well as :through 
the work done. 
c. In general, new inventions and scientific discov-
eries lead to new products and more jobs. 
d. Modem technology has brought about rapid growth 
of cities with corresponding decline in rural popula-
tion. 
e. The character of a civilization is determined in large 
part by the availability and use of various raw 
materials. 
PROBLEMS 
60. Why are such things as the· radio, television, and telephone, 
electric lights, automobiles, airplanes, and plastics im-
portant? 
61. Why have the recreation industries been increasing so 
rapidly in recent years? 
Part C. Using the Methods of Science 
DIRECTreNs. In this part of the test a series of simple experir 
and observations are described and one or more questions are : 
about e~ch set of data. For each question decide which one o 
four ans}vers is best. Then, on your answer sheet, opposite the 
tion nw::O.ber, mark the space having the same letter as your cho 
Questions 62 through 64 are based on the following observati1 
DATA •. 1 While swimming in a large lake, Tom noticed 
with his left ear in the water and his right ear in the ai 
heard distant gunshots through the water (with his left 
slightly before he heard them through the air (with his 
ear). The temperature of the lake is about the same as 
of the air. 
62. These data indicate that -
a. his right ear is stopped up, possibly by some w: 
h. sound travels faster in water than in air. 
c. sound travels faster in the air than in water. 
d;. he probably has defective hearing on his rightf 
63. The most probable explanation is that -
~. sound travels faster in denser than in rarer matE 
b.. sound travels faster in rarer than in denser matE 
d. the medium directly involved in the productim 
1 sound conducts the sound most rapidly. 
~. Tom's ear or auditory nerve has been injured. 
64. These data suggest that as the air becomes more c 
with a drop in temperature, the speed of sound in the 
a~ increases. 
b. remains the same~ 
c, may either increase or decrease, depending on 
pertinent factors. 
d. decreases. 
Question 65 is based on the following situation: 
DATA. A speeding automobile skidded and turned over 
going around a sharp curve. 
65. What probably caused the car to turn over? 
a. the force of gravity pulling the car downhill 
b. a force tending to accelerate the forward mot 
the car 
c~ a force tending to move the car in a straight li 
' d~ a force tending to move the car toward the inn, 
of the curve 
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tions 66 and 67 are based 01'!- the following experiment: ' 
~. In studying traits X and Y, parent XX, which is · 
·e" for trait X, is crossed with parent YY, which is 
·e" for corresponding trait Y. Some of their hybrid o:ff-
lg (XY) are mated with other individuals a8 indicated :in 
able below. 
ATING INDIVIDUALS CHARACTERISTICS VISIBLE IN 
JMBER MATED GROUP OF OFFSPRING RESULTING FROM MATING 
1 Two hybrids 25% displayed trait X are mated '75% displayed trait Y 
A hybrid is 
2 ·mated with 100% displayed trait Y 
apureYY 
A hybrid is 50% displayed trait X 3 mated with 
a pure XX 50% displayed trait Y 
Which trait would geneticists call recessive? 
a. trait X 
b. trait Y 
c. neither trait 
d. both traits 
l'he 1 : 2 : 1 ratio (1 pure X, 1 pure Y, and 2 hybrids) would 
be illustrated by the offspring from -
a. mating number 1 
b. mating number 2 
c. mating number 3 
d. none of these matings 
Questions 68 through 70 are based on the following experiment: 
DATA. Match X ignited when scratched on any solid surface 
which caused friction, but match Y ignited only when it was 
scratched on a special surface. These items have the follow-
ing characteristics: 
(1) Match X's head consisted of an oxidizing 
agent, some easily combustible material, 
ground glass, glue, and a non-poisonous 
phosphorus compound with a low kindling 
point. 
(2) Match Y's head consisted of ·an oxidizing 
agent, some easily combustible material, 
powdered glass, and glue. 
(3) The special surface consisted of an oxidizing 
agent, powdered glass, red phosphorus, and 
glue. 
68. Which one of the following can be concluded to be LEAST 
essential in the ignition of a match? 
a. friction-producing surfaces 
. b. an easily combustible material 
c. a material with a low kindling point 
d. ground glass · 
69. Match Y did NOT light when scratched on a brick be-
cause-
a. a substance to cause friction was needed. 
b. more oxygen was needed to allow combustion. 
c. ground glass was needed to provide more friction 
than did the powdered glass. 
d. a substance with a low kindling po:int was needed. 
70. The purpose of the oxidizing agent was to provide -
a. easily combustible material. 
b. friction. 
c. a substance with a low kindling point. 
d·. oxygen. 
STOP! Do not go on to the next page. 
Go back and check your answers to the 
Science test only1 pages 8-13. 
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Part A 
1. In World War II, the leader of the American land forces 
struggling to win back the Philippines was-
1. Claire Chennault. 
2. Dwight D. Eisenhower. 
3. Douglas MacArthur. 
4. Chester Nimitz. 
5. John J. Pershing. 
2. The inventor of the reaper which enabled the North to feed 
its army during the War Between the states was-
6. Cyrus w. Field. 
7. Robert Fulton. 
8. Elias Howe. 
9. Cyrus McCormick. 
10. Eli Whitney. 
3. An author, scientist, diplomat, and philosopher who helped 
greatly in drawing up the United States Constitution was -
1. Benjamin Franklin. 
2. Alexander Hamilton. 
3. Patrick Henry. 
4. George Washington. 
5. none of the above. 
4. The President noted for interest in the conservation of the 
natural resources of this country, and respoosible for 
United States control of the Panama Canal, was -
6. Grover Cleveland. 
7. William McKinley. 
8. Theodore Roosevelt. 
9. William H. Taft. 
10. Woodrow WJJ.son. 
S. The President of the Unit-ed States who attended inter-
national conferences at Cairo, Teheran, and Yalta to plan 
collaboration among the allies after World War II, for the 
purpose of safeguarding peace, was -
1. Herbert Hoover. 
2. George C. Marshall. 
3. Franklin D. Roosevelt. 
4. Harry S. Truman. 
5. none of the above. 
6. During the naval action around the Solomon Islands in 
World War II, the leader of the American naval operations 
in the southwest Pacific was _,.. 
6. Claire Chennault. 
7. James Doolittle. · 
8. William Halsey. 
9. Douglas MacArthur. 
10. Jonathan Wainwright. 
7. The Justice of the Supreme Court who was largely respon-
sible for the establishment of the court's position in the 
government of the United States was -
1. Alexander Harm1ton. 
2. Thomas J e:f:l'erson.. 
3. James Madison. 
4. John Marshall. 
5. none of the above. 
8. The Virginian who was commander-ha-chief of the 
fede;ra.te .Army was -
6. John C. Calhoun. 
7. IDysses S. Grant. 
8. "Stonewall" Jackson. 
9. Gilbert Charles Stuart. 
1~. none of the above. 
9. Whiiili of the following was a Chief Justice of the Sup 
Court, a Secretary of State, a Judge of the World C 
and ian unsuccessful candidate for the presidency? 
i. James F. Byrnes 
2. Charles E. Hughes 
a. Cordell Hull 
4. Elihu Root 
~. none of the above 
I 
10. WhiCh of the following was one of the chief frame 
the tJnited States Constitution, Secretary of State t 
J e:f:l'erson, and President for two terms? 
6!. John Quincy Adams 
7~ Andrew Jackson 
8. James Madison 
9, James Monroe 
10. none of the above 
Part B 
11. The Iast price control to be removed after World W; 
was op.-
1. automobiles, 
2. rent. 
3., meat. 
4. steeL 
5. none of the above. 
12. The system of social insurance; financed by payroll 1 
wherepy the worker gets money payments for incap1 
for normal employment due to an industrial accider 
called~-
: 
6. ! health insurance. 
7. i workmen's compensation insurance. 
8.; unemployment insurance. 
9. ·payroll insurance. 
10. 1 none of the above. 
13. The ability to fix the price of an article or service becau 
havin& complete control of the supply is called-
1. industrialism. 
2. :laissez faire. 
3. a monopoly. 
4. political control. 
5. none of the above. 
14. The main reason for the revolt of the Dixiecrats from 
Democratic party in the presidential campaign of J 
waa-
6. ciVIl rights. 
7. the European recovery program. 
8. socialized medicine. 
9. taxation. 
10. none of the above. 
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An estimate of expenditures and receipts for a period of 
time made by a government for the purpose of planning 
and administering a financial policy is called 
1. an appropriation. 
2. a balance sheet. 
3. a budget. 
4. standardization. 
5. none of the above. 
Which of the following is NOT provided for by the Federal 
Social Security Act? 
6. federal aid to the states for maternal and child-
health services 
7. federal programs for welfare services for aged and 
blind . 
8. federal program of old-age benefits 
9. federal program of unemployment compensation 
administered by the states · 
10. federal aid to the states for public elementary 
schools 
A type of social security included within the platform of 
the Democratic party which has been opposed by the 
American Medical Association is -
1. aid !or the crippled and blind. 
2. disability insurance. 
3. old-age insurance. 
4. prepaid medical insurance. 
5. none of the above. 
Which of the following is NOT considered unethical in 
labor-management problems by the great body of 
.Americans? 
6. courts or labor boards which are biased toward 
labor or management 
'1. increased productivity resulting in lower consumer 
prices 
8. jurisdictional disputes injuring other workers and 
other employers 
9. placing of restrictions on memberships or the right 
to work 
10. use of' violence by labor or management 
A labor organization composed of both skilled and un-
skilled workers employed in a business concern is called-
1. a company union. 
2. a craft union. 
3, an independent. union. 
4. an industrial union. 
5. none of the above. 
The action of employers in a labor dispute which closes 
down the industry to prevent unionization or to hinder 
union activities is known as -
6. a lockout. 
'1. a slowdown. 
8. a boycott. 
9. a sit-down strike. 
10. an injunction. 
Part C 
21. The system, largely in force during the Middle Ages, based 
upon the relationship between the lord and his vassals, 
with the requirements of homage, military service, reliefs, 
and forfeitures was known as-
1. absolutism. 
2. Calvinism. 
3. feudalism. 
4. humanism. 
5. none of the above. 
22. The act or process of granting the rights, privileges, and 
responsibilities of citizenship to an alien is known as-
6. certification. 
7. deportation. 
8. natnralization. 
9. the "Open Door" policy. 
10. none of the above. 
23. The malicious destruction and waste of property for the 
purpose of lessening the production of an employer or an 
enemy is called-
1. boycott. 
2. reprisal. 
3. sabotage. 
4. strike. 
5. none of the above. 
24. One in whom is vested absolute power over a state either by 
grant or seizure without effective constitutional or legisla-
tive limitations is called-
6. a governor. 
7. an emperor. 
8. a king . 
9. a president. 
10. a dictator. 
25. Racial, religious, occupational, and other similar groups, 
who, because of numbers, need protection from the control 
of the rest of the population, are called-
1. castes. 
2. foreigners. 
3. majorities. 
4. minorities. 
5. none of the above. 
26. The hearing, investigation, and settlement of a dispute by 
persons to whom the dispute has been submitted with the 
consent of the parties concerned is called-
6. conciliation. 
7. armistice. 
8. arbitration. 
9~ treaty. 
10. none of the above. 
27. An order of a court or of a Congressional committee re-
quiring the attendance of a witness is called-
1. a writ of habeas corpus. 
2 •. an injunction. 
3. a mandamus. 
4. a subpoena. 
5. none of the above. 
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28. The economic system in which the ownership of land and 
natural wealth, the production and exchange of goods, and 
the employment of labor are entrusted to enterprisers who 
compete with each other is called-
6. capitalism. 
7. a cartel. 
8. socialism. 
9. specialization. 
10. none of the above. 
29. The right given by constitution or statute to certain 
individuals to participate in electing public officials is 
called-
1. citizenship. 
2. election. 
3. electorate. 
4. suffrage. 
5. none of the above. 
30. A permanent form of business combination or organization 
which controls the policies and prices of a line of products 
of a number of establishments, generally by suppressing 
competition, is called a-
6. cooperative. 
7. corporation. 
8. public utility. 
9. trust. 
10. lobby. 
Part D 
31. The chief executive officer of each state of the United 
States is the-
1. chief justice of the state supreme court. 
2. comptroller. 
3. senior United States Senator from the state. 
4. United States Marshal. 
· 5. governor. 
32. In the United States, the largest division of local govern-
ment found within most states is the -
6. county. 
7. incorporated district. 
8. mllllicipality. 
9. village. 
10. parish. 
33. The presiding officer of the United States House of Repre-
sentatives is called the -
1. majority leader. 
2. chairman. 
3. Chief Justice. 
4. Vice-President. 
5. Speaker. 
34. The source from which most cities in the United States 
secure the right to govern themselves is-
6. a charter from the city council. 
7. a charter from the state legislature or Constitution. 
8. the Congress and Constitution of the United States. 
9. the vote of the people of the state. 
10. none of the above. 
35. In o~der of official dignity, the highest executive depll 
meni; of the Federal government is the -
I 
1f Department of Justice. 
2l Department of State. 
sl Treasury Department. 
4! Department of Labor. 
5; Department of the Interior. 
36. In the United States, jurisdiction over complaints conce 
ing violations of employees' rights is, in general, held 
the___.:. 
6. Department of Justice. 
7. Department of Labor. 
8. Interstate Commerce Commission. 
9 •. National Labor Relations Board. 
10 •. Department of Commerce. 
37. When. there is no conflict with federal law, the supre 
law o~ each state is derived from the -
1. ' constitution of the state. 
2. governor of the state. 
3. state senate. 
4.: supreme court of the state. 
5. police power. 
38. The powers and duties of most members of the PresideJ 
Cabinet are determined by-
I 
6. ithe Constitution. 
7. !the Supreme Court. 
8. !Congress. 
9. !the wish of the President. 
10. lnone of the above. 
'39. United States Senators are elected for-
I 
1. ~years. 
2. 4 years. 
a·. 8 years. 
4. life. 
5. none of the above. 
PartE 
40. "We, the people of the United States, in order to fon 
more perfect union, establish justice, insure dome 
tranquillity, provide for the common defence, pron 
the general welfare, and secure the .blessings of libert3 
ourselves and our posterity, do ordain and establish . 
is part of-
6. .Amendment 10: United States Constitution. 
7. the American Bill of Rights. 
8. the Declaration of Independence. 
9. the Preamble to United States Constitution. 
10. none of the above. 
41. "The right of citizens of the United States to vote sl 
not be denied or abridged by the United States or by: 
State on account of race, color, or previous conditim 
servitud,e." is part of-
1. Amendment 1: United States Constitution. 
2. Amendment 15: United States Constitution. 
3. the Emancipation Proclamation. 
4. the Zeal for Democracy. 
5. none of the above. 
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'With malice toward none; with charity for all; with 
irmness in the right, as God gives us to see the right, let us 
trive on to finish the work we are in; to bind up the na~ 
ion's wounds; •.. to do all which may achieve and cherish 
, just ~nd a lasting peace among ourselves, and with all 
mtions." is part of-
6. Lincoln's Second Inaugural Address. 
7. the Northwest Ordinance of 1787. 
8. Washington's Farewell Address. 
9. Wilson's Fourteen Points. 
10. none of the above. 
'We, the peoples ••• to save succeeding generations from 
he scourge of wars •.. 
['o reaffirm faith in fundamen.tal human rights, in the 
dignity and worth of the human person, .•• 
['o establish conditions under which justice and respect 
for the obligations arising from treaties •.. can be 
maintained, and 
['o promote social progress and better standards of life 
in larger freedom, .•. "is part of-
1. the Charter of the United Nations. 
2. the Covenant of League of Nations. 
3. the Declaration of Independence. 
4. the World Court by-laws. 
6. none of the above. 
'The privilege of the writ of habeas corpus shall not be 
IUSpended, unless when in cases of rebellion or invasion 
he public safety may require it." is part of-
6. Amendment 19: United States Constitution. 
7. the Communist Manifesto. 
8. the Magna Carta. 
9. the Preamble to United States Constitution. 
10. none of the above. 
t F 
Jertain parts of South America are NOT suited for immi-
:rants from northern Europe because -
1. there are few good harbors. 
2. intense heat and uncontrolled tropical diseases 
threaten. 
3. many of the immigrants are ignorant and would 
not make the most of the opportunity. 
4. the mines and plantations are owned by wealthy 
men from the United States. 
5. the weather is cold the year round. 
~ch country has been made the center of international 
1roblems because of its deposits. of oil? 
6. India 
7. Iran 
8. Korea 
9. Manchuria 
10. none of the above 
apan attempted to control Korea, Manchuria, and China 
,ecause of the-
1. abundance of rain caused by monsoons. 
2. many mineral resources and much water power. 
3. need of land for food, raw materials, and coloniza-
tion. 
4. hot and moist summers. 
6. wider range in latitude and altitude. 
48. Due to the many rapids and waterfalls in Africa-
6. exploration has been made difficult. 
7. there are few good harbors. 
8. the narrow coastal plains are hot and moist. 
9. the water power has made possible extensive manu-
facturing. 
10. none of the above. 
Questions 1,.9 through 51 are based on the map above. 
49. Which number on the map above identifies the Nile 
River? 
1. 3 
2. 13 
3. 16 
. 4. 20 
5. none of the above 
SO. Which number identifies the capital of Ethiopia? 
6. 4 
7. 7 
8. 17 
9. 22 
10. none of the above 
51. Which number identifies the Belgian Congo? 
1. 9 
2. 13 
3. 15 
4. 16 
5. none of the above 
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Questions 52 through 55 are based on the map above. 
52. Which number identifies the country most similar to the 
United States in climate and agriculture? 
6. 5 
7. 8 
8. 10 
9. 11 
10. 13 
53. Number 13 on the map above identifies the country of-
1: Colombia. 
2. Panama. 
3. Peru. 
4. Venezuela. 
5. none of the above. 
54. Oil is a very important· product of the country identified . 
by the number-
6. 1 
7. 5 
8. 7 
9. 9 
10. none of the above 
55. Which number identifies the largest country formed from 
lands which were once the center of Inca civilization? -
1. 5 
2. 10 
3. 11 
4. 13 
5. none of the above 
56. Which of the following oountries is most noted for 
raising? 
6. Burma 
7. Chile 
8. Italy 
9. New Zealand 
10. Venezuela 
57. What great advantage does Argentina have over 
other countries of South America? 
~· The farms are l3,rge and the population sma 
square mile. 
2. The government owns and leases natural reso 
~. Immigration is encouraged. 
4. Irrigation projects have saved the water. 
5. The laws provide for free and compulsory educ 
Part G 
58. TOO famous modern leader who struggled for the inde 
ence of India by the methods of non-violence, disobed 
and non-cooperation was - · 
6, Gautama Buddha. 
7~ Mohandas Gandhi. 
8. Aga Khan. 
9. Jawaharlal Nehrti. 
10; none of the above. 
59. The cardinal of the Roman Catholic Church whose 
and trial for defiance of the Hungarian government 
World War II gave the West a view of Soviet justice v 
1. Antonescu. 
2. Dollfuss. 
3 •. Horthy. 
4. Mindszenty. 
5.' none of the above. 
60. Which one of the following is given credit for the i 
tion of printing by use of movable metal type? 
6. Copernicus 
7.,Erasmus 
8. Hugo Grotius 
9 .. Johannes Gutenberg 
10. ,none of the above 
61. The lel:lder of the "Free French" movement who s· 
to organize all Frenchmen in the colonies to continue 1 
War II as an ally of Britain was -
1. Fran!;ois Darlan. 
2. Charles de Gaulle. 
8. Pierre Laval. 
4. Henri Petain. 
5. none of the above. 
62. The le&der and hero of the Spanish-American colon 
their revolt against Spain was -
6. Balboa. 
7. Bolivar. 
8. Garcia. 
9. Garibaldi. 
10. none of the above. 
I 18 J Go on to the next 
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he greatest leader of the Franks, who encouraged educa-
on of children, development of architecture, protection 
:learning and religion, and who became "Emperor of the 
:oly Roman Empire" was-
1. Charlemagne. 
2. Charles Martel. 
3. Clovis. 
4. Louis the Pious. 
5. none of the above. 
'he statesman under whose leadel'Ship Athens reached the 
golden age" was ---c-
6. Alexander. 
7. Pericles. 
8. Phidias.. 
9. Plato. 
10. none of the above. 
'he German Socialist whose work Das Kapital greatly 
lfiuenced the revolution in Russia was -
1. Bismarck. 
2. Marx. 
3. Tolstoy. 
4. Voltaire. 
5. Hitler. 
:he author of The Institutes of the Christian Religion and 
aader of Protestantism in Switzerland, France, Holland, 
.nd Scotland was -
6. John Calvin. 
7. John Huss. 
8. Martin Luther. 
9. John Wycliffe. 
10. none of the above. 
rhe leader of the Turkish Nationalists who established a 
lemocratic republic in Tar key was-
1. Mustapha KemaL 
2. Kublai Khan. 
8. Bela Kun. 
4. Ibn Saud. 
5. none of the above. 
l'he President of Brazil who put down Communist-inspired 
!trikes and riots and who broke off diplomatic relations 
with Russia was -
6. Oswaldo Aranha. 
1. Eurico Dutra. 
8. Romulo Gallegos. 
9. Juan Peron. 
10. none of the above. 
tH 
The United States obtained the territory of .Alaska by-
1. annexation. 
2. purchase from Denmark. 
3. purchase from Russia. 
4. treaty after the war with Spain. 
5. none of the above, 
·70. The following conferences after World War I were all 
connected with the attempt to maintain world peace by· 
limitation of armaments EXCEPT the-
6. Havana Conference, 1945. 
7. Geneva Conference, 1932. 
8. London Conference, 1930. 
9. Geneva Conference, 1927. 
10. Washington Conference, 1921. 
71. A territory generally uninhabited but possibly rich in. 
minerals, which is claimed by Argentina, Australia, Chile,. 
France, Great Britain, Norway, and the United States,. 
is-
1. the Aland Islands. 
2. Antarctica. 
3. Tasmania. 
4. Tierra del Fuego. 
5. none of the above. 
72. The u Open Door" policy in international affairs was con-
cerned with -
6. eligibility of any nation to enter the United Nations. 
7. equality of opportunity in China in commercial 
matters. 
8. lack of ilnmigration restrictions by South American 
cotmtries. 
9. removal of all restrictions and tariffs on imports int() 
Great 1;3ritain. 
10. none of the above. 
73. Which of the following was NOT a major or minor cause 
of the American Revolution? 
1. mercantile theory of commerce 
2. curtailment of self-government 
3. heavY duties on molasses and rum 
4. Intolerable Acts 
5. belief that Indians were purposely incited against 
the western frontier 
74. The following were all connected with the establishment of 
Philippine independence EXCEPT the-
6. Organic Act of 1902. 
7. Philippine Independence Act of 1934. 
8. reports of commissions indicating unreadiness for 
self-government. 
9. starting of a popular assembly. 
10. surrender of Shantung peninsula to Japan. 
75. The following places were all connected with the establish-
ment of international arrangements by allied leaders dur-
ing and after World War II EXCEPT-
!. Quebec. 
2. Cairo. 
3. Teheran. 
4. Versailles. 
6. Yalta. 
76. A desire to rmite the countries in an association under the 
benevolent leadership of the. United States, and the desire 
to establish closer commercial contacts, were the principal 
reasons for-
6. calling the first Pan-American Conference. 
7. establishing reciprocal trade agreements. 
8. forming the North Atlantic Pact. · 
9. forming the United Nations. 
10. none of the above. 
[ i9 ] Go on to the next page. 
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77. Which of the folloWing was NOT a contributing factor to 
the issuance of the Monroe Doctrine? 
1. desire of Americans to protect the Panama Canal 
2. belief that France would attempt to seize Mexico 
3. belief that Russia would attempt to colonize Cali-
fornia 
4. revolt of Spanish colonies in Latin America 
5. threat of Holy .Alliance to restore colonies to Spain 
78 . .After World War II, which of the following was NOT a 
part of the foreign policy of the United States as a cham-
pion of democratic nations? 
6. aid to Greece and Turkey 
7. lend-lease to all our war allies 
8. the North Atlantic Pact 
9. refusal to give up atomic secret without inspection 
of all countries by a commission 
10. private and governmental gifts of food 
Part l 
79. The last of the following political parties to be organized 
wasthe-
1. "Bull Moose" Progressive. 
2. Communist. 
3. Socialist. 
4. Populist or People's Party. 
6. State's Rights. 
80. The first of the following steps or movements toward the 
independence of the Colonies was the-
6. Articles of Confederation. 
7. Boston Port Act. 
8. Declaration of Independence. 
9. Boston Tea Party. 
10 .. Second Continental Congress. 
81. The last of the following in the extension of the rights of 
women was the-
1. amendments granting civil and political status to 
slaves. 
2. Anti-Saloon League. 
3. Nineteenth Amendment to the United States Con-
stitution. 
4. Women's Christian Temperance Union. 
6. woman suffrage movement. 
82. The last of the following groups to come into prominence 
with the rise of organized labor was the -
6. American Federation of Labor. 
7. Socialist Party. 
8. Industrial Workers of the World. 
9. Knights of Labor. 
10. Congress of Industrial Organizations. 
83~ The first of the following causes for the Westward tnove-
ment was the-
1. discovery of gold in California. 
2. failure of the revolution in Germany. 
3. Homestead Act. 
4. Louisiana Purchase. 
6. upheaval caused by the War Between the States. 
Part J · 
84. · Which one of the following happened FIRST as pa: 
World War II? 
6. German invasion of Denmark 
7. German invasion of Russia 
8. German invasion of Poland 
9. Russian invasion of East Poland 
10. Russian invasion of Finland 
85. In which of the following fields was the most outsta.D 
contribution to civilization made by the ancient Hebr 
1. agriculture 
2. architecture . 
3. commercial organizations and trade 
4. political organizations 
'6. moral codes 
' 86. Wb4ch one of the following .was NOT a provision oJ 
Treaty of Versailles after World War I? 
!6. coal mines of the Saar basin ceded to France as 
' arations until plebiscite 
i7. German colonies given to various countries as 1 
: dates of League of Nations 
'8. Hitler and National Socialists placed in contrc 
allies to keep order 
9. loss of special economic interests and privil 
· around the world by Germany 
:1,0. merchant ships, animals, chemicals, dyestuffs lo 
! reparations by Germany 
I 
87. Which one of the following happened last in the devE 
mro:._t of British imperialism? 
; 1. the Australian Commonwealth Act 
2. establishment of the Dominion of Canada 
3. formation of the Union of South .Africa 
4. making India a Crown Dominion 
6. setting up of Ireland as a Free State 
88. Which one of the following was NOT a major or rn 
cause of the growth of monasticism? 
. 6. desire for study and learning 
7. desire to escape manual labor 
' 8. desire to escape wickedness and hardships of 
world · 
i 9. dislike of fighting 
io. devotion to religion 
89. Which of the following was NOT a major or minor ca1 
of ~he decline of the Roman Empire? 
' 1. disappearance of small farms 
' 2. heavy taxation 
, 3. increase in slavery 
' 4. rise of Christianity 
5. rise of Athens 
90. Which one of the followiag was NOT a major or m 
cause of the early "]!leriod of exploration"? 
6. advances in knowledge of geography 
· 7. advances in the science of navigation 
8. desire to break the commercial monopoly of 
' Venetians 
, 9. desire to cut the costs of commerce 
r 2o 1 
10. desire to plant colonies in the new world 
STOP! Do not go on to the next pc 
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t A. Reading for Information 
DIRECTIONS. The :first page of this test consists of several paragraphs on an interesting subject which you are 
to read and study in the same way you would prepare a lesson. You will have 10 minutes in which to do this. 
Then you will be told to turn the page and answer 15 questions on what you have just read without referring 
back to the paragraphs. 
ne capnot really imagine what the world is like with-
seeing it as a sphere. The customary flat maps of 
geography books are very misleading in that they 
,te false notions as to the outlines of the land masses 
he earth. They also distort the relative positions of 
!ified places with relation to each other. 
'he familiar global map, mounted on a pedestal and 
>lving freely on its axis, is a great help in correcting 
impressions of distances and locations of places. The 
1ddaddy of all such global maps is to be found in the 
>Y of the New York News Building on 42nd Street in 
v York City. Here is a globe twenty feet or more in 
neter, mounted so that its axis parallels the axis of the 
;h. It revolves slowly, so that, as one stands at the rail-
of the huge pit in which it is situated, one can take a 
[p around the world" in a few minutes. The bound-
s of .countries are shown and the location of all the 
tcipal cities can be seen easily. On the floor of the 
n, alongside the globe, are arrows pointing in the direc-
L of the principal cities of the world, with the distances 
o. New York City indicated. 
[owever, even the global map does not fully create the 
:ect impression of what the global sphere really is 
. To get this impression one must go to Boston and 
t the Mapparium in the Christian Science Publishing 
lSe just off Huntington Avenue. Nowhere else in the 
·ld is there such a room as this~ Nearly three stories 
!:t, globular, fashioned in colored glass and brilliantly 
roinated from the rear by powerful lights, it is a veri-
le magic world. The feeling of being poised at the very 
ter of the earth is created when one stands inside this 
at globe on the bridge of glass which leads from side to 
~~ and a mere turn of the head brings into view in its 
e perspective any place on the earth's surface. To 
ke this globe, 608 separate sections of glass were cast 
heir proper contours, were painted and :fired in pleasing 
>rs, and then were fastened into a bronze web of 10-
:ree intervals to represent latitude and longitude. 
,cks at the equator show the time simultaneously around 
world. 
The name Mapparium comes from the Latin words 
"mappa" meaning map and the suffix u arium" meaning 
a place for. The room was first opened in 1935 and is 
considered to be one of the finest examples of the func-
tional use of colored glass in the world. Each section of 
glass is removable, so that political boundary lines can 
be kept up to date. 
The Mapparium is not just a novelty. It has real edu-
cational value in that it brings home in an unforgettable 
manner some of the everyday truths to be found in 
geography books. 
Perhaps most important of all is the fresh realization 
of the importance of air travel in a world made up of 
island continents. The true relation of these great land 
masses is vividly shown, as well as their relative size. For 
example, one cannot help but be impressed by the tremen-
dous share of the earth's surface which comes within the 
framework of the Union of Soviet Socialist Republics. 
Also, one is impressed with the nearness of solne of our 
neighbors when viewed from the center of the earth, so 
that transpolar distances take on their "t!Ue significance. 
London and Boston appear much farther north than people 
expect and many are startled to find that New York City 
and Madrid are practically on the same parallel. Naples, 
Istanbul, and J ehol also fall on the same invisible line 
approximately 40 degrees north of the equator. Labra-
dor, Great Britain, Kamchatka, and British Columbia 
are all equidistant from the equator. When this informa-
tion is coupled with a knowledge of the substantial differ-
ences in the climate of these places, a fresh realization is 
gained of the great importance of influences on climate 
other than just the position of a place with respect to the 
poles -such influences as the great ocean currents, for 
example. 
This is, indeed, "one world" in which we live, as the 
news of the day so often brings home to us most forcefully. 
What is more :fitting than that these great globes should 
be made available to the public through the efforts of two 
outstanding newspapers'! 
STOP! Do not turn the page until you are told to do so. 
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Part A. Reading for Information (Conf' d) 
DIRECTIONS. For each question four possible answers are given. Decide which answer is the best. Then on 
your separate answer sheet, opposite the question number;·mark the space which has the same number as your 
choice. Study the sample question, which is marked correctly in the1sample answer spaces at the right of the page. 
Sample. The reading seleation is about-
1. newspapers 2. Boston 3. :maps 
1. Probably the largest freely revolving spherical map in the 
world is located in-
1. Boston. 2. London. 
3. New York. 4. Paris. 
z. When was the Mapparlum opened? 
5. 1925 6. 1935 7. 1940 8. 1945 
3. How large is the Mapparium? 
1. It is large enough so that a small house could be put 
inside it. 
2. It is as large as a small home garage. 
3. It is as large as a good-sized church. 
4. This information is not given. · 
4. ln what respect are Labrador, Great Britain, Kamchatka, 
and British Columbia alike? 
5. They are all islands. 
6. They are the same distance from the equator. 
7. They all have the same climate. 
8. They all are part of the British Empire, on which, it 
is said, the sun never sets. 
s. What other information besides that on the big globe itself 
does this article say can be found in the lobby of the News 
Building? . 
1. hourly bulletins of all the main news stories 
2. the temperature, barometric pressure, and weather 
forecast 
3. the exact time in New York and the corresponding 
time in the principal cities of the world 
4. the distances from New York to all the principal 
cities of the world 
6. The bridge that leads to the center of the Ma,pparium is 
madeof-
5. steel. 6. stone. 7. glass. 8. wood. 
7. How are the pieces of glass forming the surface of the glass 
map held in place? 
1. by a network of bronze beams spaced at 10-degree 
intervals to correspond to the latitude and longitude 
linea 
2. by heavy wires running throughout the glass fastened 
together at the edges and held in place by guy wires 
running to the aides of the room 
3. by the pressure of air reinforcing the strength of the 
domed glass 
4. This information is not given. 
8. When certain places are seen to be equidistant from the 
equator but are known to have quite different climates, the 
visitor to the Mapparium is impressed anew with ~ 
5. the nearness of some of our neighbors across the 
polar icecap. 
6. the effect of climate on the development of civiliza-
tion. 
7. the importance of oceans as avenues of trade. 
8. the influence of other factors on climate, such as 
ocean currents. 
SECTION OF AN ANswER -SHEET 
I ~ ~ .al ~ 
4. New York H !! " 
I 9. Why ~re there a number of clocks around the circumfere 
of the Mapparium? 
1. !,rt is a convenience for the visitors to the M 
,pariu.nl so they will. know what time it is. 
2.1To show that the time of day differs from one I 
,of the .world to another at any given moment. 
3. Some places have daylight-saving time. 
4. ]There is no particular reason except for-decoratior 
10. Which one of the following cities may be nearer 
equa~or than New York? 
5. Istanbul 6. Madrid 
7. rN"aplea 8. Shanghai 
' II. What is it about the Soviet Union that impresses visi1 
to the Mapparium? 
1. its nearness to the continental land mass of 
United States 
2. the meagerness of its ocean outlets in compan 
with ours 
3. ~he large areas of the earth's surface which it occu] 
4. the many different countries which are united 
make it up · 
12. The ~ustomary :flat maps of the earth, in contrast v 
spherical maps, give a misleading impression in which 
of thei following ways? 
5. They make places seem nearer together or far1 
lJ.part than they really are. 
6. 'fl'hey do not show the real boundaries of countrie 
they now exist. 
7. 'rh. ey do not show where the mountains and the 
1ands are. 
8. ';l'hey do not show the countries in their true col, 
13. If "so~" means sun, what does "solarium" mean? 
1. a model of the solar system 
2. any room facing the south 
3. ~n observatory for studying the stars 
4. ~ place or room open to the sun 
14. W?-at,'' in the opinion of the author, makes it very api 
pnate; that these globes should have been provided 
newspapers? 
5. Newspapers usually have large buildings in wl 
fiUch huge objects can be housed. 
6. Modern means of communication make it poss: 
for the newspaper of today to keep in touch c 
stantly with happenings all over the world. 
7. People come from all over the world to visit 
offices of the newspapers. 
8. Newspapers have the large incomes necessary to o 
· struct and maintain such expensive exhibits. 
15. Which one of the following is the beat title for this arti< 
1. The World in New York and Boston 
2. I;l:ow the Earth Looks from the Inside 
3. Seeing the World Inside and Out 
4. Proof that the Earth is Round 
[ 22 J Go on to the next pa 
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rt B. Vocabulary 
DIRECTIONS. Each of the words in the, column at the left-hand side of the page means the same, or very nearly 
the same, as one of the four numbered words which follow it, Select the word which means the same, or nearly 
the same, as each word in the column at the left. Mark your answers on the answer sheet in the same· manner 
as you have in the first part of this test. 
notables - 1. wealthy men 2. ambassadors 3. rascals 4. distinguished people 
partition- 6. defeat 6. division 7. dP..struction 8. discovery 
kinsmen- 1, politicians 2. relatives 3. allies 4. escorts 
replica- 5. blueprint 6. photograph 7. status 8. copy 
invincible - 1. unseen 2. spirited 3. unconquerable 4. ineligt"ble 
undaunted- 5. unarmed · 6. stubborn 7. unquenchable 8. fearless 
dominant- 1. chief 2. ominous 3. domestic 4. costliest 
biased- 5. forced 6. trained 7. prejudiced 8. interested 
impassive-
barren.-
1. unmoved ~ impatient 
5. sumptuous 6. unfruitful 
3. eager . 4. peremptory 
7. unplowed 8. rocky 
phenomenal-· 1. in name only 2. disgraceful 3. serious 4. remarkable 
brandish- 5. stamp with a hot iron 6. wave menacingly 7. serve in a brandy sauce 
begrudge - 1. do"Uble-cross 2. refuse 3. give reluctantly 4. demand 
unanimous- 5. like-minded 6. reserved 7. impossible 8. undefeated 
brevity- 1. scope 2. fearlessness 3. shortness 4. boldness 
1rt C. Business Definitions 
8. make new and bright 
DIRECTIONS. For each of the following groups of statements in Column II you will find five possible responses 
in Column I. For each statement in Column II choose the word or phrase in the same group in Column I which 
corresponds to it. On the separate answer sheet locate the question number and make a heavy black mark under 
the letter corresponding to the response which you picked as correct. Study the sample question below. 
a. net price 
b. discount 
c. gross weight 
d. quantity 
e. grade 
COLUMN I 
currency 
specie 
bank draft 
promissory note 
security 
invoice 
purchase order 
inventory 
catalogue 
bill of lading 
premium 
policy 
risk 
annuity 
indemnity 
consignee 
jobber · 
consignor 
investor 
broker 
SECTION OF AN ANsWER SHEET 
a b c d e 
Sample. Amount or percentage subtracted from a quotation. I H H H 
COLUMN II 
31. Metal coins and paper money. 
32. An order from one party to another directing the payment of money. 
33. A written promise to pay a specified amount of money at a fixed future 
date. 
34. A written record of goods shipped, issued by a common carrier. 
35. A tabulation of charges for merchandise sent to a purchaser. 
36. A requisition for goods made by an agent to a supplier. 
37. Chance of loss. 
38. Written agreement with an insurance company stating terms of protec-
tion against loss. 
39. A consideration.paid for an insurance contract. 
40. A sender of goods to an agent. 
41. A person who buys stocks and bonds for his own account. 
42. An agent who buys securities for resale. 
[23] Go on to the next page. 
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Part D. Use of References 
DIRECTIONS. For each of the items in Column II you will find fifte~n possible responses in Column I. For each 
item in Column II choose the proper answer from the sources in Co~umn I. On the separate answer sheet locate 
the question number and make a heavy black mark under the letteu corresponding to the source you have picked 
as correct. Notice that all letters (a, b, c, d, e, f, g, h, i, j, k, l, m,! n, and o) are not given for each item. Only 
letters corresponding to five of the fifteen possible sources are enter('d on the answer sheet for each item and these 
five letters a-e marked over the answer spaces. Study the sample guestion at the top of Column II. 
COLUMN I 
a. Concordance 
b. Readers' Guide to Periodical Literature 
c. World Almanac 
· d. New International Y earboolc 
e. Webster's Unabridged Dictionary 
f. Hammonifs New World Atlas 
g. Bartlett's Familiar Quotations 
h. Encyclop:edia Britannica 
i. Who's Who in America 
j. Current Biography 
k. Index 
1. Preface 
m. Table of Contents 
n. Card Catalogue 
o. Roget's Thesaurus 
' COLUMN II 
I 
. I 
Sample. Where would you go to find the number of chapters 
in a book? i 
I 
! 
SECTION or AN ANsWER SHEET 
I 
i 
1 
I 
b 
~1 
:: 
k 1 m n 
H 
:: I 
Where would you go: to find: 
43. the number of boob by John Galsworthy which are in 
your library? I 
44. both World Series records and a table of postal rates? 
45. an excerpt on a faJiliar theme such as "Wealth"? 
46. the current magaJf*3 which have articles on the "United 
Nations"? I 
I 
·<17. a description of the processes in paper manufacture? 
i 
48. the page on which 1
1
there is a definition of "calorie" in 
Feeding the Family by Rose? 
49. the location and pclpulation of Fremont County in the 
state of Colorado? ' 
5o. a concise tabulation 'of personal information concerning an 
outstanding living ~merican musician? 
51. the meaning of the *-ord "consilience"? 
I 
52. a comprehensive listl of words meaning the same or nearly 
the same as "dullne~s," other than in an unabridged dic-
tionary? ; 
I 
53. a concise summary o~ developments in the petroleum indus-
try during the past year? I . 
54. in what book and vetse of the Bible the words "exhort one 
another daily" appe~r? 
STOP! Do not go on to the next pog 
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rt E. literature Acquaintance 
DIRECTIONS. Each of the items in this part gives an incident from a book. For each incident there are given 
. three possible literary selections, together with the name of the author, from which to choose. Read the incident 
carefully and decide from which of the selections it is taken. Then on your separate answer sheet, opposite the 
question number, mark the space which has the same number as your choice. If you have not read any of the 
selections, skip the question entirely and go on to the next one. 
'His only alternative, to escape from the labor of the farm 
md the clamor of his wife, was to take gun in hand and 
1troll away into the woods." 
1. Rip Van Winkle- Washington Irving 
2. Legend of Sleepy Hollow- Washington Irving 
3. The Luck of Roaring Camp - Bret Harte 
'Injun Joe lay stretched upon the ground, dead, with his 
'ace close to the crack of the door." 
4. Life on the Mississippi- Samuel L. Clemens 
5. Huckleberry Finn- Samuel L. Clemens 
6. The Adventures of Tom Sawyer- Samuel L. Clemens 
''Tomorrow I start for Bristol. In three weeks' time we'll 
1ave the best ship in England. Hawkins shall come as 
mbin boy. You, Livesey, are the ship's doctor; I am 
ulmiral.' " 
1. Riders to the Sea-John M. Synge 
2. Treasure Island- Robert Louis Stevenson 
3. South by Thunderbird- Hudson Strode 
"'I shall marry whom I please, Aunt March, and you can 
leave your money to anyone you like.' " 
4. Rose in Bloom -Louisa May Alcott 
5. Little Women -Louisa May Alcott 
6. An Old-Fashioned Girl- Louisa May Alcott 
"John Thornton stood over Buck, struggling to control 
himself. 'If you strike that dog again, I'll kill you,' he 
managed to say." 
1. The Call of the Wild-Jack London 
2. Free Land ~ Rose Wilder Lane 
3. The Luck of Roaring Camp - Bret Harte 
"The Templar seized the terrified Rebecca, who :filled the 
air with shrieks, and bore her out of the room in his arms, 
in spite of her cries, not regarding the menaces and defiance 
which the wounded knight thundered against him." 
4. Ivanhoe- Walter Scott 
5. Kidnapped- Robert Louis Stevenson 
6. The Scottish Chiefs- Jane Porter 
"'Yes, sir,' said the boy meekly, 'Aunt Sarah gave me this 
slingshot this morning and told me to give it back to you. 
She said she took it from you thirty-five years ago.'" 
1. Jeremy-Hugh Walpole 
2. The Varmint - Owen Johnson 
3. Penrod- Booth Tarkington 
9. "For the first time since the war began, Atlanta could hear 
the sound of battle. In the early morning hours before 
the noises of the town awoke, the cannon at Kennesaw 
Mountain could be heard faintly, far away, a low dim 
booming that might have passed for summer thunder.'' 
1. Janice Meredith- Paul Leicester Ford 
2. Gone with the Wind- Margaret Mitchell 
3. Hugh Wynne-Silas Weir Mitchell 
10. "Up came a little girl with her hand out, and a half shy, 
half merry look in her blue eyes, as she said, 'This is Tom, 
isn't it?'" 
4. Little Women- Louisa May Alcott 
5. Seventeenth Summer -Maureen Daly 
6. An Old-Fashioned Girl- Louisa May Alcott 
11. "Lady Mary Carlisle would be the :first to prefer the devil 
to a man of no birth, barber.'' 
1. Beau Geste -Percival C. Wren 
2. Amateur Gentleman- Jeffery Farnol 
3. Monsieur Beaucaire- Booth Tarkington 
12. "I began to rain kicks and buffets on the door and to shout 
for Mr. Balfour. Then I heard a cough right overhead, 
and looking up, I beheld a man's head in a tall nightcap, 
and the bell mouth of a blunderbuss at one of the first-
story windows.'' 
4. Kidnapped- Robert Louis Stevenson 
5. Lorna Doone - Richard Blackmore 
6. The Sea-Wolf-Jack London 
13. "The night- its silence- its rest- was rent in twain by 
a savage, a sharp, shrill sound that ran from end to end of. 
Thornfield Hall.'' 
1. N orthanger Abbey -Jane Austen 
2. Jane Eyre- Charlotte Bronte 
3. The Old Wives' Tale- Arnold Bennett 
14. "In Belmont is a lady richly left. 
And she is fair, and, fairer than that word, 
Of wondrous virtues. Sometimes from her eyes 
I did receive fair, speechless messages." 
4. The Winter's Tale- William Shakespeare 
5. The Taming of the Shrew -William Shakespeare 
6. The Merchant of Venice- William Shakespeare 
"'You never stick to the point. I endeavor to show you 15. "'Good day, Mr. Murdstone,' said my aunt. 
"'Good day to you, too, ma'am. Let me see you riding a 
donkey over my green again and I'll •knock your bonnet 
how to run this house on a business basis, and you wind up 
jibbering and jabbering about everything under the sun."' 
4. Life with Father -Howard Lindsay and Russel 
Crouse 
5. Craig~s Wife- George Kelly 
6. Duley- George Kaufman and Marc Connelly 
[ 25 1 
off.'" ·,; 
1. David Copperfield - Charles Di<ll:ens 
2. Seasoned Timber- Dorothy Ca:field Fisher 
3. The Mill on the Floss- George Eliot 
Go on to the next page. 
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TEST 4. ENGLISH (Confd) 
Part F. Language Usage 
DIRECTIONS. Each sentence in this part of the test may or may ndt contain an error in language usage. Read 
each sentence and decide whether it is correct or incorrect. Then on your separate answer sheet, opposite the 
question numb4;1r, put a heavy black mark under the letter " C" if th~ sentence is CORRECT and under the letter • 
"I" if the sentence is INCORRECT. Study the sample questiona, which are marked correctly in the sample 
answer spaces at the right of the page. i 
SECTION OF AN ANSWER SHEET 
C I 
Samples. 1. I ain't seen her yet. 
2. Aren't you going to the show? 
16. I can't hardly wait. 
17. We were only a short distance from the fire. 
18. You haven't done nothing to deserve punishment. 
19. Isn't Mrs. Jones any better? 
20. You will not approve of his talking that way. 
21. It was a question of Don's passing the eye test. 
22. Bill's riding the motorcycle was foolish. 
23. The problem of my riding to school is settled. 
24. Be careful or you will fall off from the ladder. 
25. The apples dropped off the tree. 
26. The carpenter fell from the staging. 
27. The child fell off of the chair. 
28. Lyrical Ballads was written by Samuel Taylor Coleridge. 
29. We stopped to look at the flock of sheep that were in the 
pasture. 
30. The cl;:1ss scattered to their homes for the holiday. 
31. The jury has staten lts decision. 
32. He raised from his chair as I entered the room. 
33. He rose early and went to work. 
·a4. She watched the steam raise from the teakettle. 
35. The farmer sold the crops he raised. 
36. She has did her work well all the year. 
37 • .As we rode toward home, we saw a beautiful sunset. 
3.8. Is this the first time you ever saw them? 
39. She done every example correctly. 
40. These are the pupils which have finished their lessons. 
41. The girls that stayed at home were disappointed. 
42. We went to our camp, which is located near a lake. 
43. Mr. Jones is the man which lives next to you. 
44. Dave seemed gladly to hear about the fishing trip. 
45. The child looked up sad at the stranger. 
46. I glanced quickly out the wmdow. 
47. He sure can play balL 
1 H I 
I 
:: 
H 
48. These' kind of dresses are expensive. 
49. I do not like this kind of poem. 
50. This sort of vegetable is rare. 
51. I will hot read this sort of books. 
52. Collect all copies of this magazine, if there is any. 
53. There has been many rain and sleet storms this winter. 
54. There was Mary and John waiting patiently. 
55. There is no end ·to his talents. 
56. Neither Jane nor her sisters is interested in sports. 
57. The superintendent, as well as the principal and teach1 
were present at the reception. 
£8. Neithet Bob nor Tom was here. 
59. Cake, as well as cookies and candy, was served to 
guests.] 
60. Do yo~ know the principles of algebra? 
61. The p$ciple crop was wheat. 
62. Has he
1
paid the interest on the principle? 
63. Princip!U Brown spoke at the assembly. 
I 
64. She can: sew better than you ever could or ever will se· 
65. One room was undamaged but all the rest were burn 
66. The dinner was cooked and the dishes washed. 
67. He worked faster than the others have or will work. 
68. We were surprised to see Judith and her at the game. 
69. It was 1iim who invited us. 
70. There was an invitation for Carl and I. 
71. We all considered the best student to be she. 
72. While attending school, my interest in books increased 
73. To bake a cake properly, the recipe should be tested. 
74. The captain watched the soldier standing at attention. 
75. To join the club, one must be interested in art. 
[ 2.6 J Go on to the next pa 
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TEST 4. ENGLISH (Cont'd) 
rt G. Capitalization and Punctuation 
DIRECTIONS. In this part of the test, several numbers appear above each sentence. Below each sentence, cor-
.responding to each number, a capital letter .or a punctuation mark (or marks) is given. Read each sentence and 
decide whether the recommended punctuation or capitalization is correct or incorrect. Then on your separate 
answer sheet, opposite the identifying number, put a heavy black mark under the letter "C" if the suggested punc-
tuation or capitalization is correct and under the letter ''I" if the suggested punctuation·or capitalization is incorrect. 
Study the sample sentences, which are marked correctly. 
1 2 
Sa:nples. Did lillian go to New York 
(L} {.) 
3 4 
.Lets buy some candy 
(') (C) 
1 II 3 4 II 6 
plan to go to Austin Texas easter sunday april 9. 
(,) (,}(E) (S) (,)(A) 
8 9 10 11 
too far however· to go to Long pond monday. 
(,) (,) (P) (M) 
111 13 1' 16 16 
er a gay summer at a lake miss Smith returned home. 
(S) (L) (,) (M) (.) 
1'7 1319 llO U 
a.ve you read Sandburgs fog in the Atlantic monthly?" inquired the teacher. 
(') (') (F) (') (M) 
22. l!3 24 
hn is coming at 'l 00 p.m. isnt he, Mother?" 
(.) (,) (') 
a& 211 117 
~s the food is excellent everyone commends it, sir." 
(,) (:) (E) 
28 H ao 31 
an had chicken pox her sophomore y'ear in Malden high school. 
(C) (P) (H) (S) 
32 33 34 311 36 S'T 
you want to get well said the doctor obey my orders 
(!',) (D) (,)(")(0) (".) 
38 89 40 41 
b.e next street on the right leads to Main street doesnt it Officer?" 
(S) (,) (') (,) 
411 4344 
that is true he said, you should not buy the car." ("J (")(Y) 
46 46 4'7 48 49 
k's grades are as follows A in algebra B in English B in J;Ustory. 
(;) ~) (,) (,) (H) 
~ ~ ~ 
~ democrats and the republicans will hold caucuses today. 
(D) (R) (C) 
63 S4 
lives in the South in the winter Lucky fellow! 
(W) (,) 
GG 116 
studied biology hard hence he ought not to dread the test. 
(B) (:) 
67 68 69 60 
Lt book on world war II can be bought at Jones and Browns bookstore. 
(W) (W) ~ ~ 
[ 27] 
SEcnoN OF AN ANSWER SHEET 
C I 
ll 11 :: 
c I 
2U I 
c I 
al It H 
c I 
4ij I 
Go on to the next page. 
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TEST 4. ENGLISH (Cont'd) 
Part H. Spelling 
DIRECTIONS. In each of :the sentences below, there are three numbered words, one or more or none of which may 
be misspelled. Study each numbered word; decide whether it is spelled correctly or incorrectly. Then on your 
separate answer sheet, opposite the number of the word, put a heavy black mark under the letter "C" if the word 
is spelled CORRECTLY and under the letter "I" if the word is spelled INCORRECTLY. Study the words 
in the sample sentence, which are marked correctly in the sample answer spaces at the right of the page. 
1 2 s 
Sample. The busie child playd soldier all morning. 
a ~ ~ 
The :finacial section is on page fourteen of the :finel edision. 
M ~ ~ 
A physician owns that parse! of land of ninety acres. 
" ~ ~ The decission concerning the legasy is already made. 
70 71 7ll 
The harassed executive sighed deeply, longing for relief. 
73 74. . 75 
The alleged contraversy occurred in the arena balcony. 
~ " ~ Apparently you were unaware of the bankrupsey procedings. 
79 80 81 
The anouncer was agreeably surprised by the enthuziasm. 
82 8S 84 
When the police :finaly came, the ruffin had escaped. 
85 86 87 
Sprinkel one tabelspoon of cinnamon over the piecrust. 
~ 89 90 
The impetuous freshmen foolishly forfeited their priveleges. 
91 92 93 
The millionaire cordially welcomed his neice. 
94 95 96 
A sound knowlege of anatomy is esential for a surgeon. 
" ~ ~ It is customary to abreviate certain words and phrases. 
100 101 102 
The insident reported in the bulletin hapened in li'ebruary. 
103 104 105 
A colorful .pamplet advertised the claims of the organisation. 
106 107 108 
A kangeroo is one of the most interesting specimens in the museum. 
109 110 111 
My legal adviser filed a liable suit for perjury. 
112 113 114 
Analisis of the debree confermed the charge of arson. 
115 116 117 
The frock, chic in its simplicity, is comparitively expensive. 
ffi w w 
A dilapitated magizine was found on the lawn in front of the capital. 
[ 28 ] 
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c l 
1 ~ ~ I 
C I 
2 ~~ I 
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Essential High School 
Content Battery 
ANSWER SHEET 
For Forms AM and BM 
Name·--------------------- Sex: M ____ F ___ _ 
School; __________ _;_ _________ Grade ________ _ 
Teacher ____________________ Class or Section ____ _ 
TEST STAND. PER-* sc~~c CENTILE 
1. MATH. .l..l.l.. 
2. SCIENCE 
3. SOC. STUD. 
4. ENGLISH 
MEDIAN 
*Norms Used (See Manual). 
Date of Testing __ 
Year Month Day 
Date of Birth 
Yeor Month Day 
Student's Age 
Years Months Days 
CitY-------------- County ________ State _______ _ Form of Test (Circle one): AM BM 
High School Course (Check): Academic __ Commercial __ General __ Scientific __ Other (Specify) ________ _ 
In the spaces provided at the left-hand side of the page indicate the number of years (one semester is t year), since 
the 8th grade, that you will have studied each of the following subjects by the end of this semester If you have 
takeri no mathematics, put a check mark after "No Math."; if you have taken no science, put a check mark after 
"No Science"~ if no social studies, a check mark after "No. Soc. Stud." 
COURSf 
MATHEMATICS 
' Algebra 
Geometry 
Solid Geom. 
Trig. 
Gen. Math. 
Consumer Math. 
Other (Specify) 
No Math. 
SCIENCE 
Gen. Sci. 
Chern. 
Physics 
Biology 
Other (Specify) 
No Science 
SOCIAL STUDIES 
Amer. Hist. 
World Hist. 
Civ. & Gov. 
Geography 
Prob. of Dem. 
Other (Specify) 
No Soc. Stud. 
YEARS INDIVIDUAL PROFILE CHART 
OF STUDY 
91>·11.£ TEST I I TEST 2 I, TEST3 ;I TEST 4 I * 91>-11.£ SCALE MATH. SOENCE SOC. STUDIES ENGliSH SCALE 
99: :-99 
- -
-
98~ :-98 
97: 
-
97 
- -95; :. 95 
-
-
90: ~ 90 
-
- -
: 
-
80~ 80 
70~ - 70 
-
601 ~ 60 
50~ - 50 
40~ 40 
30~ ~ 30 
20~ ~ ~ E- ~ 20 
: 
- -
10: - 10 
-
- -
- -
- -5 
-
1- 1-
-
5 
-
3~ 3 
2-: - 2 
- -
-
- -1 - 1 
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~Essential High School Content Battery is a compre-
re battery of high school achievement tests cover-
1 a single test booklet, four basic areas - mathe-
s, science, social studies, and English. The battery 
·.gned for use as a survey-type instrument from the 
t the 9th grade through the end of the 12th grade, 
vith beginning college freshmen. Administration 
es five class periods. There are two comparab.le 
. AM and BM. · Test booklets are non-expendable, 
ldent responses being recqrded on separate answer 
. The answer sheets may be scored either by hand 
machine. 
pose. The aims of secondary education are many 
aried. However, whether the primary emphasis· 
high school be bn preparation for college, voca-
preparation, training for life activities, participa-
1 democratic living, or some other .accepted objec-
Ghe~e is ge~eral agreement ·on the . necessity for 
~tence in the four broad areas cov.ered by the Essen-
~gh School Content Battery. This is equally true in 
s having more or less traditional subject-matter 
gs, in schools having curricula organized around 
arning areas, and in schools where mastery of sub-
atter as such is subordinated to all-round student 
pment or other aims. The basic premise under-
;he construction of this battery, therefore, is that 
:s a common body of knowledges and skills which 
~asonable to expect a high school graduate to pos-
. . 
sess. If this premise is valid, it is important to be able 
to obtain continuing measures of the student's growth 
and development with respect to these knbwledges and 
skills. To provide such measures is the purpose of this-
battery. 
The following outline of the organization of-the four 
tests in the battery indicates the scope of each test. 
Test 7. Mathematics 
PART 
A 
B 
c 
D 
E 
F 
G 
H 
QUESTIONS 
1-20 
21-'28 
29-35 
36-43 
44-49 
50-56 
57-60 
61-66 
Test 2. Science 
PART QUESTIONS 
A 1-42 
B 43-61 
c 62-70 
·Fundamental skills in computation 
Vocabulary and concepts 
Understanding of functional relationships 
Application of mathematics to life problems 
Interpretation of mathematical graphs 
Knowledge of mathematical facts and formulas 
Interpretation of data in tabular form 
Knowledge of important theorems 
Scie1;1ce information: terminology, concepts, 
backgrounds, scientific evidence 
Using the concepts of science: applications in 
science, applications in life 
Using the methods of science 
Test 3. Social Studies 
. PART QUESTIONS 
A 1-10 
B 11-20 
c 21-30 
D 31-39 
E 40-44 
F 45-57 
G 58-68 
H 69-78 
I 79-83 
J 84-90 
PART 
A 
B 
c 
D 
E 
F 
G 
H· 
Test 4. English 
QUESTIONS 
1-15 
16-30 
31-42 
43-54 
1-15 
16~75 
1-60 
61-120 
Acquaintance with contributions of famous 
Americans 
Understanding of current social a11d political 
problems 
Understanding of vocabulary of social studies 
Knowledge of civic information · 
GroWth of American democracy 
Knowledge and understanding of global 
geography 
Knowledge of contributions of world leaders 
·Understanding of international relationships 
Knowledge of sequence of events in United 
States history 
Knowledge of world events 
Reading for information 
Vocabulary 
Business definitions · 
Use of references 
Literature acquaintance · 
Language usage 
Capitalization and punctuation 
Spelling 
. ' 
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2 Essential Hig.h School Content Battery 
Validity 
The validity of a test is specific to the situation in 
which, and the purposes for which, it is to be used. 
Thus, . judgment as to the validity of a particular test 
for particular uses must be made by the user of the test 
in terms of his own purposes a:nd his local situation. 
Test authors, nevertheless, have a responsibility for 
presenting infdrmation relevant to the general problem 
of validity of their instruments. In this section .and in 
the later section dealing with the preliminary tryout of 
the materials, the authors of the Essential High School 
Content Battery set forth information relative to the de~ 
velopment of the test that is pertinent to the issue of 
test validity. 
In general, evidences of the validity of an achievement 
test are of two kinds - first, descriptions of the manner 
in which the test was developed, leading to the establish-
ment of what may be termed curricular validity, and 
secondly, evidences of the way in which the test ques-
tions and test as a whole actually have performed, often 
described as statistical validity. This section is concerned 
with evid1ences of the former type. 
There may be no single fact, understanding, or skill 
which everyone would agree is an "essential" element 
of secondary education.· There is, nevertheless, sub-
stantial agreement among experts in various fields as 
to important outcomes of the secondary school offerings in 
those fields. The items in each test in this battery were 
' constructed after a thoro:ugh analysis of varied instruc-
tional materials and authoritative pronouncements in 
the respective· fields. Most elements measured may be 
justified in terms of frequency of inclusion in commonly 
used textbooks and on the basis of expert judgment as 
to importance. The authors have attempted to stress, 
in each area, those knowledges and skills considered to 
be of more permanent worth. The content of the battery 
as a whole represents a careful sampling of the four 
·fields as presented to high school students throughout 
the country. 
Despite the care exercised in the determination of the 
content, certain necessary limitations with . respect to 
validity must be recognized. Within the confines of 
any test it is impossible to measure .all the important 
outcomes in any area, and in a test designed for national 
use it is necessary to concentrate on those objectives 
most commonly agreed upon and on content most gen-
erally taught. For these reasons, if a complete evalua-
tion of a local program is desired, it is necessary .to sup-
plement the results of a test such as the Essential High 
School Content Battery with the results of other tests, 
including many locally prepared tests. Further, in a 
test designed for machine scoring, there are restrictions 
as to the type of item that may be employed, which make 
it impossible to measure certain types of skills or certain 
objectives; thus, in this test composition ability, original 
, · solution of mathematical or scientific problems, spelling 
~~,-- ability in a dictation-type situation, and other worth-
~- . 
tJ~?'\ ·~-~~;;.~~ 
-- I ' --1 ' 
while objectives of particular courses of study are 
measured. Finally, tests which are designed to 
criminate well even among the best high school sen 
ana college freshmen; and which are of such lengtl: 
thbse in the battery, are likely to appear very diffi, 
fo:t1 ninth-grade students; the battery does not func' 
. so effectively in the ninth grade as at higher grade le"\ 
The following paragraphs · outline more ·specific 
the major sources which, together with textbooks 
col)rses of study, were used in determining the coni 
of ,the four tests, and considerations bearing on the 
lid1ty of the four tests as measures of important ob 
tives in their respective areas. 
Mathematics 
: . 
~n the development of the Mathematics test co11 
er~ble weight was given the following. sources: 
J.. "The First Report of the Commission on Post-War Pla 
: The Mathematics Teacher, Vol. 37, pages 226-232; 1944. 
~. "The Second Report of the Commission on Post-War Ph 
, The Mathematics Teacher, Vol. 38, pages 195-221; 1945. 
:a. National Council of Teachers of Mathematics. FiftE 
l · Yearbook, 1940, The Place of Mathematics in Secondary E1 
: tian. Bureau of · Publications, Teachers College, Colu 
i University. . 
!4. National Society for the Study of Education. 45th Year] 
i Part I. Measurement of Understanding. University of Ch 
i Press; 1946. · ' 
!5. Progressive' Education Association. .Mathematics in Ge 
1 Education. (Report of the Committee on the Functio 
Mathematics· in General Education for the Commissio 
Secondary School Curriculum.) D. Appleton-Century I 
pany; 1940. · 
:The Mathematics test samples arithmetic skills, 
er~l mathematics, algebra, geometry, and, to a very sl 
d~gree, trigonometry and advanced algebra. Quesi 
. on graph reading and on use of charts and table~ 
in¢luded. Emphasis is on content having social uti 
and on understandings rather than on manipuh 
sldlls. The content of the test is organized by f 
ti~m rather than in strict order of difficulty so thai 
student will encounter materiai of suitable difficulty· 
on each of several functions throughout the test. 
Science 
:The following publications. contributed most a I 
ci~bly to the selection of objectives, functions, and 
tent of the Science test: 
l1. National Society for the Study of Education. 46th Year 
Part I. Science Education in American Schools. Univ• 
of Chicago Press; 1947. 
: 2. National Society for the Study of Education. 45th Year 
Part I. The Measurement of Understanding. Univers 
Chicago Press; 1946. 
· 3. Progressive Education Association. Science in General E 
· tion. (Report of the Committee on the Functions of Scie1 
General Education for the Commission on Secondary ~ 
• Curriculum.) D. Appleton-Century Company; 1938. 
'_"4. National Society for the Study of Education. 31st Year 
Part I. A Program of Teaching Science. Public School 
lishing Company; 1932. 
Manual of DireCtions 121 
5. National Science Teachers Association Consumer Education 
Study. Place of Science in the Education of the Consumer. 
Washington, D. C.; 1945. 
B. Earl J. McGrath. Science in General Education. W. C. 
Brown Company; 1948. -
An effort was made to give due weight to the various 
mches of science typically offered in the secondary 
tOol, and to their important objectives. A proper 
lance was sought between the biological and physical 
et;tces; about 46 per cent of the test's content is drawn 
m the_ physical sciences,· about 41 per cent from the 
1logical sciences, and about 13 per cent is common to 
;h. 
?art A of this test measures ·functional knowledge of 
tual material. Items pertain to terminology, princi-
s, concepts, nature of matter, instruments, values, and 
lity to identify processes and units of measurement; 
ferstanding of scientific backgrounds, contributions 
science to our civilization, how discoveries are made, 
:essary sequence of discoveries, contributions of lead-
; they involve the ability to distinguish between 
ts and misconceptions. 
)art B is designed to measure ability to understand 
l apply basic scientific principles and concepts. Sec-
1 I (items 43-51) requires the application of the basic 
1ciples of science to science problems and materials. 
tion II (items 52-61) requires the application of the 
eralizations, principles, and concepts of science to non-
mce problems in the areas of personal, social, economic, 
l civic needs. 
>art C is designed to measure ability to understand 
l avply the methods of science. It includes items per-
ling to the application of the scientific method; the 
.ity to draw reasonable conclusions from new experi-
ltal data; ability to evaluate hypotheses; ability 
Lpply scientific generalizations to new situations; and 
l in interpreting simple experimental data presented 
rarious forms. . 
• 
Social Studies 
1 the determination of objectives for this test, the 
>wing sources were found especially useful: 
Wesley E. B. (Director). American History in Schools and 
College;. The Report of the Committee of the American 
Historical Association, the Mississippi Valley Historical Asso-
ciation, and the National Council for the Social Studies. The 
Macmillan Company; 1940. 
National Council for the Social Studies. The Social Studies 
Look beyond the War. November, 1944. ' 
National Society for the Study of Education. 45th Yearbook, 
Part I. Tlie Measurement of Understanding. University of, 
Chicago Press; 1946. 
National Council for the Social Studies. 17th Yearbook, 1946. 
The Study and Teaching of Ameril!an History. . . . 
Progressive Education Association. The SoC?.al Studzes tn 
General Education. (A Report of the Committee on Functions 
of Social Studies in General Education for the Commission on 
Secondary School Curriculum.) D. Appleton-Century Com-
pany; 1938. 
Kelley, Truman L., and Krey, A. C. T68ts and Measurements 
in the Social Studies. Charles Scribner's Sons; 1934. 
. . 
The test includes content from American History, 
World History, Civics and Government, Economics, ancl. 
Problems of Democracy. This test, like the Science 
test, recognizes the importance riot only of specific factual 
information, but also of knowledge of underlying rela-
tionships and principles. The Social Studies test, how-
ever, remains essentially one of knowledge of facts in the 
:fields of social studies, reflecting the authors' view that 
unless the student has a certain minimum store of factual 
·information, it is unlikely that he will be able to function 
effectively in the areas of understanding, or reasoning 
about, social problems. · · 
English 
In deternrlning which functions were to be measured by 
the English test, reliance was placed on an analysis of 
typical offerings in the English programs of a variety of 
secondary schools and a study of the commonly used Eng-
lish textbooks for secondary schools. . Such analysis re-
veals that the language arts programs are concerned with 
comprehension of written and spoken language, with 
the ability to communicate one's thoughts accurately, 
precisely, and gracefully, and with skill in utilizing refer- · 
ence sources in locating information. The English 
test concentrates on measurement of understanding of. 
written language, by means of reading and vocabulary 
tests; precision in the use of English, by means of punc-
tuation and capitalization, language usage, and spelling 
tests; acquaintance with well-known literary works; and 
familiarity with practical reference sources. It does 
not attempt to measure certain other functions, e.g., 
appreciation of literature, ability to write fluently, or 
mastery of sentence structure, even though these are 
admittedly important parts of the English program. 
The several parts of the English test are described in 
greater detail in the following paragraphs: 
Reading. The Reading section of the English test is 
intended ·to furnish a measure of comprehension of 
factual, informative material typical of much of the 
work-study. Kind of reading required of high school 
students. The test is relatively unspeeded, calling for 
. the reading of approximately 750 words in 10 minutes. 
The vocabulary has been checked against various word 
lists, and is of appropriate difficulty for the grades cov-
ered. The readability index of the selection, according 
to the Lorge formula, is lower than the grade levels for 
which the test is designed. . 
Vocabulary. The words in the Vocabulary subtest 
were chosen from a group of 500 words tried out in the 
development of the Durost-Center Word Mastery Test. 
The chief source of the words is the popular reading of 
students, together with their in-school reading of text-
books and related materials. The items were selected 
on the basis of discriminating power and suitability of 
difficulty, as manifested in preliminary tryout: 
.:it 
,{ 
' 
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Business Definitions. This subtest is, .in a sense, a 
test of vocabulary in a specialized field. Every item 
included is discussed in standard textbooks in the field 
of business practice, and many of them in mathematics 
and social studies texts as well: These are terms of 
which a knowledge will be helpful in the day-by-day 
functioning of the individual as an educated adult. 
Use of References. Knowledge of the common refer-
ence sources is now generally accepted as an important 
study skill. The reference books covered in this section 
are standard in almost every school or public library. 
The other terms measured represent basic vocabulary 
in the use of reference tools. 
Literature Acquaintance. The literature items were 
taken from a much larger pool of items tried out in the 
development of the Center-Durost Literature Ac(/,uaint-
ance Test. This section is intended to measure the 
familiarity of students with works found in the recom-
mended reading lists of the National Council of Teachers 
of English.· The particular selections included in the 
battery were those which, on · the basis of extensive 
tryout, appeared to be most widely known by high 
school students, and ·which were rated by teachers of 
English as the most basic, or "essential," of the thousand 
or so titles included in the National Council publications. 
Language Usage, Capitalization and Punctuation. 
Proficiency in handling the mechanics of language is a 
universally acceptea objective of the high school English 
program. The sections of the English test dealing with 
language usage, and capitalization and punctuation, rep:-
resent an attempt to measure these skills in a functional 
way. In the construction of the tests, the publications of 
the National Council of Teachers of English, particularly 
the Leonard Report, have been followed as a guide to the 
usages to be included. The 'tests do not measw::e gram-
mar as such. 
Spelling. The words included in the Spelling test 
have been chosen on the basis of their social usefulness. 
The technique for measuring spelling ability is that of 
recogirlzing misspellings. Although the evidence on the 
relative merits of various techniques for measuring 
spelling ability is inconclusive, there is little doubt that 
the relationship between this ability and the ability to . 
spell words from dictation is high. 
Preliminary Tryout 
After the necessary curriculum research had been 
completed, experimental forms of the four tests were 
developed. Two experimental forms of the Mathe-
matics, Science, and Social Studies tests were prepared, 
and six forms of most of the parts of the English test. 
Each preliminary form of the Mathematics test included 
120 items; _of the Science test, 144 items; and of the 
Social Studies test, 165 items. Thus, almost twice as 
· · much material was tried out as was ultimately included 
... in the final forms of these tests. In the case of the 
English test, about three times as much material l 
tried out as was finally included. 
These experimental forms were administered near· i 
close of school in 1949 to groups of students in 17 hi 
schools in 6 states. 
Approximately 1000 students in each grade from 9 
12 took the experimental forms of each test. Th 
mean IQ was 105, according to results on the Term1 
McNemar Test of Mental Ability, given at the same ti 
as these experimental forms. Difficulty and valid 
indices were computed for each item in the Mathemati 
Science, and Social Studies tests, separately for e~ 
grade from 9 to 12 .1 On the basis of these difficulty a 
validity data, items were selected in such fashion as 
yield two final forms of each test precisely balanced 
difficulty; of suitable range of difficulty to cover the f1 
grades, and composed of items known to be of signific: 
discriminating power. The preliminary work on · 
sections of the English rest (except Vogabulary E 
Literature Acquaintance) followed a novel plan. 
closely parallel experimental forms of each section w 
constructed, each of the same length as the section ' 
to be in the final test. These units were administe 
in a randomized-rotation experiment so designed as 
permit computation of inter-form correlations on cc 
parable populations. The two forms having the higb 
hitercorrelation and having satisfactory distribut 
characteristics were selected for inclusion in the fi 
battery. Some further refinement by conventional ite 
analysis methods wa.S made in a few instances. 
· In selecting material for the final forms of the t1 
consideration was ,given not only to the statistical e 
dences of suitable difficulty and validity, but also to 
construction of a test which, from a content standpo: 
would correspond to the original outline or blueprint 1 
which wquld, ·therefore, represent a balanced cover 
of content. This is particularly important in a 1 
designed to cover work extending over the four year: 
high ~chool. 
In the preparation of the final forms of the tests, a: 
items were retained which from a statistical standpc 
are perhaps not satisfactory but which were inclw 
because there is general agreement among experts in 
spective fields that they relate to important objecti, 
Examples of such items are Nos. 18 and 43 in Mat 
matics, Form AM, and 40 and 42 i.ri. Science, Form .AJ 
All teachers· who administered the preliminary fo1 
in this initial . experimentation were asked to criti1 
these forms, particularly with respect to coverage 
topics, clarity of questions, difficulty of the materi 
adequacy of directions, etc. Thus, in effect, the t' 
have been s1,1bjected to the critical review of more t 
150 classroom teachers prior to publication; tl 
criticisms have all been taken into account in develoi 
the final forms of the tests. 
f Complete information on the difficulty and validity of 
individual items, by grade, will be furnished on request by 
Division of Test Research and Service, World Book Company. 
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iredions, for Admini~tering 
The Essential High School Content Battery has been 
signed to be nearly self-administering, and may be 
ren by the regular classroom teachers without any 
tensive previous training. Students may be tested 
the usual instructional groups or in larger groups if 
fficient proctors are provided. The person who is. 
administer the tests should read the directions care-
lly and become thoroughly familiar with them before 
~empting to give the tests. The usual physical 
mdards for good test, administration.:_ e.g., lighting, 
sk space, quiet, etc. -should be met. All answers · 
~recorded on a separate four-page answer sheet. 
Time schedule. The actual working time which must be 
otted to each test in the battery ~s: Tes~ 1. Mathematics, 
minutes; Test 2. Science, 40 minutes; Test 3. Social 
1dies, 40 minutes; and Test 4. English, SO minutes. . 
Sometime before. the administration of Test 1, a 10-
nute period must be allowed for general instructions 
c-taining to the entire battery. To the working time 
each test must be added the few minutes required 
distribute and collect testing materials, and for the 
Leber to read the special directions preceding each 
t. shJ.ce the same answer sheet (a four-page folder) 
LlSed for the entire batterY-, time must be allowed for 
tributing the answer sheets to students individually. 
sting periods should be so arranged that the full 
rking time is available for each test. 
lVIaterials needed by each student. Each student tak-
; the test will need a copy of the test booklet, a copy 
the separate answer sheet (i.e., the four-page folder), 
atch paper, two well-sharpened pencils, and an eraser. 
Ghe answer sheets are to be scored by machine, special 
ctrographic pencils must be furnished to each stu-
lt. The booklets and answer sheets are to be collected 
the end of each testing period and returned at the 
P.nning of the next; each student, of course, must 
:eive his own answer sheet each time; 
lnsfrucf.ion Period 
?rior to. the administration of Test 1, a 10-minute 
truction period must be provided, in which the stu-
lts fill out the required information on the first page 
the answer sheet and read with the teacher the direc-
ns on the cover p~ge of the test booklet. 
rf the students are not familiar with the use of separate 
wer sheets, and particularly if the tests are to be scored 
an International Business Machines Scoring Machine, 
students should have special practice in marking their 
wers before they start on this test.1 The special practice 
wer sheets should be inspected ·to be certain that each 
IBM Form ITS 1100-8288, "General DirectionS to Pupils 
ng Special Answer Sheets for Machine-Scored Tests," can be 
ained through the nearest IBM branch office; or the Division 
rest Research and Service, World Book Company, will provide 
gested practice materials, which may be adapted and mimeo- · 
phed lo~lly. 
student is making one glossy· black response for each item. 
The blackened area should not extend either above ·or below 
the pair of dotted lines, but it may extend approximately 
n inch to either side. Two up-and-down strokes over each 
other usually are adequate. 
To begin the specific instrUction period for this test, 
- hold up an answer sheet for all to see and say: "I am 
going to give each of you one of these folders. They 
are the answer sheets on which you will mark all your 
answers to some tests you are going to take. As soon 
as you receive. one of these answer sheets, ·fill in your 
name and the other information called for on the cover 
page. Be sure to fill in all required information cor-
rectly." (Distribute the answer sheets.) "The date of 
testing is ... " (Give the date.) "Be sure to record 
your birth d!ite- the year, month, and day of your 
birth. Just under where you enter your age it says 
'Form of Test (Chcle one) AM, BM.' Now put a circle 
around ... " (whichever form is used). (Give·students 
time to enter the information.) 
Then say: "Now read the paragraph in the middle of 
the page while I read it aloud." (Read directions for 
filling in information about courses of study.) "Enter 
the required information in the box at the left-hand 
,side of the page." (Wait until all students have had 
time to enter the information and give any· assistance 
which they may need.) 
If the tests are to be machine-scored, ·it is recommended 
that the students at this time tear the answer sheets along 
the perforated fold and pass in pages 3 and 4. without mark-
ing them in any WftY· This separati~n of the front and back 
pages of the answer-sheet folder will-prevent marks on page 2 · 
from rubbing off on page 3 and vice versa. If the answer 
sheets are torn apart in this fashion,· it will be necessary 
to make slight modifications in the directions below, where 
they speak of "opening your answer booklet," "folding it 
back," etc, If it is considered preferable no{ to tear the 
answer sheets. apart, a blank sheet of paper should be in-
serted ·between pages 2 and 3 to prevent the rubbing off of 
marks as mentioned above. 
When all desired information has been :filled in on the 
cover page of the answer sheet, say: "I am now going 
to distri'Qute the test booklets. Do not open them. 
You are not to make any marks whatever on these test 
booklets.!' (Pass, out the test booklets.) Tlien say: 
"Now let us study the directions on the first page of the 
test hooklet." . (Read the directions aloud from a test 
·. booklet. Pause while students are marking the samples.) 
If tests are to be scored by the International Business 
Machines Scoring Machine, the following additional 
directions should be read: · 
"Your papers are going to be scored by an electrical 
scoring machine. If your papers are to be scored 
fairly, it is essential that you remember the following 
rules: (1) Use the special pencil. (2) Make heavy 
black marks as long as the pairs of lines on the answer 
sheet by moving your pencil up and down several! 
times. (3) Do not make any stray marks.· (4) Do 
not mark more than one answer for a question. (5) Erase 
carefully any answer you wish to change. Failure to 
follow these instructions is apt to reduce your score as 
read by the machine." 
As soon as the directions have been read, move about 
the room in order to make sure that everyone knows 
how to handle the answer sheet and has marked the 
samples correctly. Answer any questions students may 
have. Then collect test booklets and answer sheets un-
iess Test 1. Mathematics is to be given immediately. In 
this case, the students retain the booklets and answer 
sheets. !f any students are absent from the instruction 
period, they shoUld be given individual directions be-
fore the ~st testing. period in which they are present. 
First Testing· Period (Test 1. Mathematics) 
Be sure students have two lead pencils, an eraser, and 
scratch paper, and that desks are cleared of all other 
materials. Distribute test booklets and answer sheets 
to students (imless test is given imme.diately after in-
struction period) and say: "Today you are going to take 
Test 1. Mathematics. When I tell you to begin, but 
not before, open your booklet and fold it so that only 
page 2 is showing, like this." (Demonstrate.). Then 
say:· "Always keep the booklet folded so that you will 
have only one page·at a time in front of you. This test 
is on pages 2 through 7. You will have '5 minutes in 
which to complete it. When you finish page 7, do not 
go on to page 8, but go back and check your answers. 
When you have finished checking your answers, or 
when time is called, close your booklet a.nd leave it on 
your desk until you are given further instructions. 
"Now open your answer booklet and fold it back so 
that the answer spaces for Test 1. Mathematics are 
before you." (Demonstrate.) Then say: "Notice that 
these answer spaces are all on the top half of the page. 
The spaces on the bottom half are for Test 2. Science. 
Be sure that the number of the row of answer spaces 
you are marking is the same as the number of the ques-
tion you are working on in the test booklet. Remember, 
~ 
i: you will come to questions on things you haven't covered 
in class. Don't become discouraged if you don't know 
. the answers to them. Are there any questions about 
how to take the test and mark the answers? No ques-
tions will be answered after the examination starts." 
(Allow time for questions.) Then say: "Remember 
. ~not to make any marks on your test booklet. ··Do your 
_figuring on scratch paper. Now open your test booklets 
page 2 and start work." During the test, the teacher 
· or proctor may readily see whether students are work-
.. irig on the right answer page by means of the large figures · 
·, : 1, 2, 3, and 4 on the respective tests. At the end of 45 
.. minutes, say: "Stop! Close your booklets. and answer 
~heet,s." Collect booklets and answer sheets. 
. ' . ·. . . 
-: .. ·:";:, ' .. : 
· Second Testing Period (Test 2. Science) 
Be sure students have two lead pencils, an eraser, a 
scratch paper, and that desks are cleared of all otl 
materials. Distribute test booklets and answer sheE 
seeing that each student receives his own answer shE 
and say: "Now you are g~ing to take Test 2. Scien 
This test is on pages 8 through 13. Do not open yc 
booklet or answer s;heet until you are told to do 
When you are told to start, turn to page 8 and fold yc 
booklet under so that only that page is showing. You .., 
have 40 minutes in which to complete this test. Wl: 
you finish page 13, do not go on to page 14, but go b! 
and check your answers on the Science test. Do : 
go back to the Mathematics test which you took in · 
first testing period. Now open your answer sh 
booklet to the second page and turn it so that the he; 
ing 'Test 2. Science' is at the top of the page. Yc 
answers for the· Science test will be recorded on t 
half of the page. Place a sheet of blank paper over · 
answer spaces for the Mathematics test so that you ' 
not smudge the marks you have already made. l 
may come to questions which you cannot answer, but 
right on, for there will be easier questions after thE 
Now open your test booklets to page 8 and start wor: 
At the end of 40 minutes, say: "Stop! Close your bookl 
and answer sheets." Collect booklets and answer sheE 
Third Testing Period (Test 3. Social Studies) 
Be sure students have two lead pencils and an era~ 
and that desks are cleared of all other materials. I 
tribute test booklets and answer sheets and say: "N 
you are going to take Test 3. Social Studies. This t 
is on pages 14 through 20. . Do not open your booklet 
answer sheet until you' are told to do so. When ~ 
are told to start, turn to page 14 and fold your bool! 
under so that only that page is showing. You will h! 
40 minutes in which to complete this test. When l 
finish page 20, do not go on to page 21, but go back a 
· check your answers on the Social Studies test. Do 1 
go back to the Science or ~athematics tests which :Y 
have taken previously. Now open your answer-sh1 
booklet to 'Test 3. Social Studies.' Fill in the requil 
information at the left-hand side of the page." (G: 
students time to do this.) Then say: "Your answ' 
for the Social Studies test are to be recorded in the :fi 
three full columns of this page. Be sure that the nu 
her of the row of answers you are marking is the sa: 
as the number of the question you are working on in 1 
test booklet. Now open your test booklets to page 
and start work." At the end 'of 40 minutes, say: "St1 
Close your booklets and answer sheets." Collect bo< 
lets and answer sheets • 
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Fourth Testing Period {Test 4. English: Parts A-D) 
Be sure students have necessary pencils and erasers. 
stribute test booklets and answer sheets and say: 
row you are going to take Test 4. English: Parts 
B, C, and D. These parts are on pages 21 through 
of the test booklet. When you are told to start, turn 
page 21 and fold your booklet under so that only that 
~e is showing. You will have 10 minutes in which 
read and study the sele<;tion on page 21. Do not 
n to page 22 until you are told to do so. Open your 
;wer sheet to Test 4. E:p.glish: Parts A, B, C, and D. 
w open your test booklet to page 21 and_ read t?-e 
ections at the top of the page and the selection. 
u. will have 10 minutes to read and study this page. 
Lii: now." 
iVhen exactly 10 minutes have elapsed, say: "Stop! 
rn to page 22 and answer the questions on that page; 
n go right on to Parts B, C, and Don pages 23 and 24. 
not go on to page 25. You will' have 30 minutes in 
ich to answer these questions. If you finish Part D 
ore time is up, go back and check your answers on 
is A, B, C, and D of the English test but do not go 
:k to the reading selection on page 21." 
lt the end of 10 more minutes (total 20 minutes), 
: "If you have not already started work on Part B, 
so now."· At the end of 6 more minutes (total 26 
mtes), say: "If you have not started work on Part C, 
so now." At the end of 6 more minutes (total 32 
mtes), say: "If you have not started work on Part D, 
so now." At the end of an additional .8 minutes 
;al40 minutes), say: "Stop! Close your booklets ~d 
wer sheets." Collect booklets and answer sheets. 
Fifth Testing Period (Test 4. English: Parts E-H) 
>istribute test booklets and answer sheets and say: 
>w you will take, the last half of Test 4. English: 
ts E, F, G, and H. These four parts of the English 
are on pages 25 through 28. When you: are told 
lo so, turn to page 25 and fold your booklet under 
that only that page is showing .. You will have 40 
.utes to do Parts E, F, G, and H of the English test. 
" turn your answer sheet over to the back page 
ch is marked 'Test 4.- English (Continued).' Open . 
r booklets to page 25 and start work. Read the 
:ctions at the top of each test page;. then go right on 
L the questions." At the end of exactly 10 minutes, 
: "If you have not already started Part F, do so now.'' 
Ghe end of 10 more minutes (total 20 minutes), say: 
you have not started work on Part G, do so now." 
Ghe end of 10 inore minutes (total 30 minutes), say: 
you have not started Part H, do so now. When you 
;h page 28, you may go back and check your an-
rs on the questions you have answered during this 
ing period. Do not go back beyond page 25.'' At the 
of 10 more minutes (total 40 minutes), say: "Stop! 
;e your booklets." ~ollect booklets and answer sheets.· 
Directions for Scoring 
The score for each test is the number of right answers. , 
This is true even for the parts of the English test which 
are two- or three-choice questions; it has been experi- . , 
mentally determined that correction for guessing of ... 
scores on these parts does not increase their accuracy 
sufficiently to justify the additional labor of such scoring. . · 1 
Hand scoring. Hand scoring is accomplished accu-
rately and rapidly by means of a perforated stencil type 
of scoring key. To score an answer sheet by hand, 
proceed as follows: 
1. Scan all pages of the answer sheets and, with a 
colored pencil, put a mark through any row of 
spaces in which ·more than one answer has been 
marked by the student. Count double-marked ! 
items as omitted. Do not count double-marked 
items as right even though the right answer is one 
of those marked. 
. 2. If the answer sheets were torn apart during the 
administration of the test, take all the sheets for 
Test 1 and Test 2, and stack them neatly in a pile, 
to be scored as one operation. If they were not 
separated, open the answer booklets so that pages 
2 and 3 are exposed, and stack the open answer 
sheets in' a pile. 
3. Place the key for page 2 (i.e., for the Mathematics 
and Science tests) over page 2 of the.answer sheet. 
Position the key so that the heavy black arrows 
in the center of the answer sheet pages show through' 
the openings on th~ key and the arrows on the 
answer. sheet and those on the key are point to 
point, thus: j:::~:~~-; Adjust the key if necessary 
with a slighfrotary motion so that the answer ,, 
spaces on the answer sheet booklet show through . .. 
the openings on the key. · 
4. To obtain the score on the Mathematics test, count '' 
the number of marks appearing through the holes ·~~ 
on the Mathematics section of the· key (top half · .•  .. :.i.i 
of the page). This is the number right, or raw ~ 
score, for this test. The standard score eorre- l 
sponding to this raw score should be circled in the ·--~~ 
Mathematics table at the left margin of the answer , 
sheet like this· ~ 21 ~ E. Be sure to circle the 
' • 149 5 152 154 
standard score for the proper form, AM or BM. 
5. Without moving the key, find the score on Test 2, 
Science, by counting the marks appearing through 
the holes in the lower half of the key. Circle the 
standard score corresponding to this raw score, in 
the Science table at the left of the answer sheet. 
6. When all answer sheets have been scored for Tests 
1 and 2, take the key for page 3 of the answer sheet 
(Social Studies and Parts A-D of the English test), 
position it on the answer sheet by means of the 
guide arrows, and find the score on the Social 
Studies test and on Parts A-D of the English test, 
. by counting the marks appearing in the appropriate 
.~t: 
.·:, 
'. r':·~ 
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sections of the key. Make a check mark or circle· 
at the standard score corresponding to the raw 
score on Social Studies; but write the raw score for 
Parts A-D of the English test in the space provided, 
for this must later be added to the raw score on 
Parts E-'-H before conversion to a standard score. 
7. Place the key for page 4 (Parts E-H of the English 
test) on the answer sheet, positioning it by means 
of the guide arrows. Count the number of marks 
appearing through the holes, and write ~his number, 
which is the raw score on Parts E-H, m the space 
provided. Transfer the raw score for Parts A-:-D 
from page 3, find the total raw score for the Enghsh 
test by adding the Parts A-D and Parts E-H raw. 
scores, and make a check or circle at the staJ!dard 
s~ore corresponding to. this total English raw score, 
in the margin of page 4 of the answer sheet. 
Machine~scoring.1 The same three . stencils which 
serve as hand-scoring keys may be used as machine-scor-
ing stencils for the respective pages of the answer sheet. 
Field holes must be punched in the spaces indicated by 
black circles at top and bottom of the respective keys. 
Raw score on each test is number right. The standard 
score' corresponding to the raw score should' be circled as 
the raw score is read from the machine, in the appropriate 
row of the standard score table at the edge of the answer 
sheet. 
Switch settings on the machine are as follows: 
MASTER FORMULA 
SWITCH SWITCH 
Mathematics A Rights 
Science B Rights 
Social Studies A Rights 
English, Parts A-D B Rights 
English, Parts E-H A Rights 
Raw scores on Parts A-D and on E-H of the English 
test must be combined before conversion to standard 
score. 
Transfer of scores. Mter all the scoring is completed, 
the standard scores for each test should be transferred 
to the first page of the answer sheet, and to the Class 
Record. 
Median standard score. Many users will wish to derive 
a measure representative of total, or average, achieve-
ment · in . all four subjects. For such purposes, the 
median of the standard scores On the four tests should be 
found - i.e., the average of the two middle scores, when 
the scores are arranged in order of' magnitude. This 
median standard score should be entered in the space 
pr~vided on the front page of the answer sheet. ' 
1 Detailed directions for machine scoring, including directions for 
obtaining scores on each of Parts A through H of the English Test, 
will be furnished on request by the. Divis!on of Test Research and 
· , Service, World Book Company. 
Interpretation of Results 
Raw score~ on the tests of the Essential High Sch 
Content Battery, like raw scores on most tests, are 
themselves of but limited significance. They perr 
objective ranking of students, but some further bases 
evaluation are required for meaningful interpretatic 
In this case, such further bases consist of the standc 
score system; and a variety of normative information; 
described below. . 
Standard scores. Raw scores. on the four tests of 1 
battery are not directly comparable to one another, I 
do they constitute scales of equal units. These· t 
desirable characteristics - comparability and grea 
equality of units ~ are achieved by conversion of r 
scores on the four tests to a single system of stand4 
scores. These scores are essentially normalized stand: 
scores based on the distributions of raw scores for " 
tenth-grade modal-age group (i.e., students at grade 
their age) of the standardization P,opulation. The sc 
ing group's raw-score distributions were co~verted 
distributions having a mean of 114 and a stand: 
deviation of 13.2. points, these values being chosen 
cause they were the respective mean and standard de'\ 
tion of standard scores on the Terman-McNemar Tesi 
Mental Ability for this same population. Thus, a dir 
comparability of scores not only among the parts of 
battery but between each part and the Terman-McNet 
Test is possible. 
Conversion of raw scores to standard scores is m: 
· simply and almost automatically by means of the tal 
at the edges of the answer sheet. These tables convert 
·raw scores on either Form AM. or Form BM to stand 
scores also take care of minor differences in the diffiCl; 
· of the two forms. All subsequent interpretati~n 
scores should be done in terms of standard scores rat 
than raw scores, and· the standard scores are the o 
which should be entered on permanent records. ~ 
standard scores, by virtue of the equality of units, per 
more meaningf:ul studies of growth within a given sub~ 
and a comparison of r'elative growth from one sub: 
to another. 
Percentile norms. For interpretation of scores, seV4 
sets of percentile ~orm$ are provided. The stand~ 
ization population on whose results the norms are ba 
is described in the section on "Standardization" 
page 10. The percentile notrns tell, for any given sta 
ard score, the per cent of students in the specified 1 
mative group whose scores are equaled or, exceeded by 
given score. · 
For reasons of economy of space, and because n 
administrators test at or near the end of the school y 
only end-of-year norms are included here .. No 
applicable to the middle of the year are available 
request. Since the gains in score from grade to gra~e 
comparatively small,· it is. not necessary to have m 
polated norms for other times in the school year. 
~~?'!:::.•''.;_,_,:· '""''·:'r:: :~-,~~,·~··~~?ir.:i,?-~i: 
. ' .... ~ -~ 
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1. Total-population norms. Table 1 on page 11 pre-
lts percentile norms by grade for the four tests of the 
ttery, and for median standard score, based on the total 
mdardization group. The percentile rank for the four 
>arate tests: Mathematics,· Science, Social Studies, 
d English, and for the battery median standard score 
! grouped together by grade to facilitate use of the 
>les. 
~. Norms by course of study. In order to permit 
erpretation of. scores in relation to performance of a' 
1re homogeneous group tpan an undifferentiated na-
nal high school population, percentile norms are given 
grade and test, for students pursuing academic or 
mtijic courses of study (Table 2, page 12) and for 
.dents pursuing general or commercial courses of study 
:tble 3, page 13). Analysis of the results for students 
the respective courses indicated that this was the mQst 
isfactocy basis for differentiating norms. 
ror students in a college preparatory curriculum it will 
linarily be more meaningful to interpret scores in 
ms of the norms for academic-scientific students than 
terms of the total-population norms. The types of 
·ms used for interpreting results must be identified 
any record where a percentile r'l:l.nk is entered. For 
'mple, if the norms for commercial students are used 
interpreting a score, this fact should be made clear 
the Class Record or cumulative record card where the 
·centile rank is entered. 
:. Effects of differing amounts of instruction. In the 
ds of :mathematics and science, special data are pro-
ed for comparing the results of students having dif-
ng amounts of instruction in these .two fields. There 
, naturally, substantial differences between the scores 
~ined by students who take no mathematics or science 
l the scores of those who take one year, two years, etc., 
bhese fields. Mean scores of students in each grade, 
ring varying amounts of instruction in mathematics 
lin science, are presented in Table 4, page 14. Use of 
se data will ordinarily be supplementary to inter-
tation by means of the regular or the course-of -study 
ms, but they do permit another significant type of 
,luation for students who have taken varying amounts 
!Ourse work in the two fields. 
:. Distributions of school averages. Schools can evalu-
their average performance on a given test more 
urately by comparing it with the average performance 
>ther schools than by reference to norms for individual 
dents. To permit this type of evaluation, Table 5 
page 14 presents distributions of average standard 
res, by grade and subtest, for the schools in the stand-
.ization population. Medians and quartiles of these 
tributions are also shown, so that the school ad-
listrator can very quickly determine whether his 
ool is in the top quarter,. second quarter, etc., with 
pect to performance in any subject, at any grade level. 
~election of proper norms. The different sets of norms 
cribed above have been prepared to provide maximwn, 
.;.;_ .. ·>' :• .. 
.. ,_ -.·,_· , 
usefulness of the results. The choice of the appropriate 
norms must depend upon the purpose to be served by the 
results. Norms are "windows to II?-eaning" and the 
utmost flexibility in their use is the best rule. Two 
precautions ~ust be observed: 
a. The standard score must always be recorded so that 
different norms may be used as needed. 
b. The norms should be entered on the appropriate 
record at the time needed and by the person who is to 
use the results, unless special provision for clerical 
assistance is made. 
Profile Chart. On the cover page of each answer sheet 
booklet appears an Individual Profile Chart on which the 
results for each student on each of the four tests in the 
battery may be shown graphically. The scales in this 
Profile Chart are percentile scales; the student's per~ 
· formance on eac.h test is indicated by marking an X on 
the appropriate scale at the point corresponding to his 
percentile for tha:t test. . Mter the points for the four tests 
have been plotted, they should' be connected by means 
of a straight-line graph, which will indicate relative 
strengths and weaknesses. Horizontal rules appear on 
the graph at points corresponding to the 25th, 50th, and 
75th percentiles, dividing the Chart into four levels of 
achievemi:mt. 
For correct interpretation of the Profile Chart, 'particu~ 
larly when some time has elapsed after the administration 
of the test, it is necessary that there be a clear indication, 
in the space provided on the answer sheet, of the type of 
norms on which the percentiles are based - e.g., end-of~ 
10th-grade college preparatory norms, etc. 
The percentile scales for the four tests are spaced in 
a~cordance with the normal curve so that equal distances 
on the scales correspond to equal differences in ability. 
Percentile ranks do not constitute an ability scale of 
equal units, and a Profile Chart which failed to take this 
into accpunt would yield a misleading picture of strengths 
and weaknesses. 
A helpful point of reference for interpreting scores on 
the four tests for an individual student is the individual's 
median standard score, which represents his average level 
on the· battery as a whole. Teachers will find it helpful 
to draw a horizontal line across the Profile Chart at the 
point corresponding to this median standard score; this 
facilitates evaluation of scores in the four tests. · 
' 
' 
.;._) 
Facilitating use of results. Making the test results 
available to all who can use them effectively is primarily :~ 
a matter of organization and mechanical duplication of '.? 
the basic test record. World Book Company has pre ... 
pared a separate profile chart that may be ordered in 
quantity at low cost. The basic test record can be 
entered on as many profiles as are needed by means of 
carbon paper. 
It is assumed that use will be made of the test results 
by the teachers, the principal, and the guidance counselor 
or director. One procedure for making results readily 
available to them all is described below: 
~-·· 
1. Basic test data and identifying information are 
entered on the required numb~ of copies of the profile 
chart, after the tests have been scored. (This takes the 
place of transferring the ttandard scores to the front side 
of the answer sheet.) 
2. The sets for central office use are removed and the 
rest are stapled together and distributed to the homeroom 
teachers. (This assumes that the homeroom teachers 
gave the tests and that they have been scored according 
to this arrangement.) 
3. Each student may be given his own set of profile 
sheets, but when this is done assistance in interpreting 
the results should be given by the teacher or guidance 
counselor. 
4. The teachers should be allowed to retain the copy 
of the Manual they have received at the time the test was 
given; thus, each one has a complete set of the norms 
to be used if the test has been given near the end of the 
year. If not, the additional norms should be included 
in the teacher's kit of materials handed out before the 
testing program is beguri. At the time of a teachers' 
meeting on use and interpretation of the test results, the 
values in the use of specific norm tables can be discussed 
and clarified. The following tabulation indicates 'in a 
general way the· norm most appropriate under ordinary 
circumstances to serve the purposes of the person in 
question. 
SUPERINTENDENT 
PRINCIPAL 
TEACHER 
GUIDANCE DIRECTOR 
Programing 
Total-population norms; distribu-
tion of school means 
Norms by course of study; local 
norms 
Norms by course of study; possibly 
modified interpretation in terms of 
years-of -study data 
Norms by course of study 
The Essential HighSchool Conten,t Battery may be given 
at any time during the school year.1 There are certain· 
general rules which may be of some help in determining 
· when and how the tests may most profitably be giveri. 
1. Set a time for the testing program that de>es not . 
interfere seriously with other scheduled activities, such 
as school pageants, mid-term quizzes or report cards, 
health examinations, etc. 
2. Give the tests early enough in the school year to 
provide ample time for scoring, analysis, and reporting of 
the results. From this point of view testing shortly 
after the beginning of school (in which case the norms for 
the end of the previous year are used) has great advan-
tages. Testing at midyear also is preferable in this 
respect. 
3. Distribute the load of work involved and the sacri-
fice of class instructional time in an equitable fashion. 
Uniform school-wide testing, with the homeroom teachers 
1 This battery should not be used before the middle of Grade 9. 
doing the testing, has great advantages. If·this is de 
the class periods on the five 'testing days should be 
arranged to provide sufficient time for administer 
each test. 
4. Plan the testing program cooperatively, either ~ 
a teachers' committee or with the teacher group a 
whole if the school is not too large. The planning 
b~ part of the requisite in-service training needed 
insure proper testing. A good arrangement is to h 
. three teachers' meetings - one for planning and gent 
discussion; one for actual review of the tests; directi 
for administering, and consideration of the testing scl: 
ule; and finally, one for discussing the test results f1 
the point of view of school use. 
5. Provide opportunity for follow-up when an( 
needed in making use of the test results for the revi1 
of the curriculum. 
Standardization 
The Essential High School Content Battery was adn 
istered for standardization purposes at the close of scl 
in May, 1950, to 46,000 'students in 288 high schc 
from 35 states. A complete list of all schools consti; 
ing the normative group and a detailed description of 
standardization program are available on request. r 
high schools in Maine, Vermont, New Hampshire, ; 
Tennessee which participated in the standardization~ 
samples of schools judged by the respective state dep 
ments of education to be representative of these stat 
It is extremely difficult, if not impossible, to kl 
with certainty that a normative group is actually re] 
sentative of the total population of which it is a sam 
However, data concerning certain significant charactE 
tics which permit some appraisal of the Essential E 
School Content Battery norm group are available. Tl 
data are as follows: 
NUMBER OF MEDIAN MEDIAN 
GRADE CASES 
TERMAN- CHRONOLOGICAL 
1 
MCNEMAR IQ AGE 
9 10,700 ' 100.64 15-1 
10 11,870 102.77 15-11 
11 10,850 103.64 16-11 
12 9,960 105.77 i7-11 
In light of these data, the standardization . gr 
appears to be typical with respect to age and abi 
level at each grade. If an administrator knows 1 
his school deviates appreciably from the normative gr 
in average ability or in age-f9r-grade, he should, 
course, take account of such deviation when interpre· 
results for the school. 
The normative data for various geographical c 
sions of the country were, moreover, so weighted 1 
the final norms are based on a group whose geograpb 
distribution corresponds closely to that of the natic 
high school population. The distribution of size 
school for the normative group also agrees closely ~ 
that for the high schools generally. 
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TABLE 1. End-of-Year Percentile Norms by Grade and Test 
Total School Population 
Grade 10 Grade 11 
125 
Grade 12 
Standard 
Math.l Sci.jlt~d.l Eng. I Mdn. Math.~ Sci. I ~~d. I Eng. I Mdn. Math. I Sci. I ~~d.~ Eng. I Mdn. Math. I Sci. I ~~d. I Eng. I Mdn. Score 
99 99 99 99+ 99 99+ 153+ 
99 99 98 99 98 99 153 
. 99 99+ 99 98 99 98 99 99+ 152 
99 99 99 99+ 98 99 97 99 99 151 
99+ 98 99 99 99 97 98 97 99 99 150 
99 99+ 99+ 99+. 98 99 98 99 99+ . 97 98 96 99 99 149 
99 99 99 99 98 99 98 99 99 96 97 96 98 99 148 
99 99 99 99 97 99 98 98 99 96 97 . 95 98 98 147 
99. 99 99 99 97 98 !J7 98 99 95 96 94 98 98 146 
99 99 99 99 96 98 97 97 99 95 95 93 97 98 145 
99 99 99 99 99+ 96 97 96 97 99 94 94 92 96 97 144 
99+ 99+ ·99+ 99+ 98 98 99 99 99 96 97 95' 96 98 93 92 91 95 97 143 
99 99 99 99 98 98 98 99 99 95 96 94 96 98 93 91 90 94 96 142 
99 99 99 99 97 98 98 98 99 95 96 93 95 97 92. 90 89 93 95 141 
99 99 99 99 97 97 98 98 99 94 95 92 95 97 91 89 87 92 94 140 
99 99 99 99 96 97 97 98 98 93 94 91 94 96 90 88 86 91 93 139 
99 99 99 99 96 96 97 97 98 93 93 90 93 95 89 86 84 90 92 138 
98 98 98" 99 99+ 95 95 96 97 98 92 92 89 92 95 88 84 82 89 91 137 
98 98 98 98 99 94 94 95 96 97 91 91. 87 91 94 87 83 81 88 89 136 
98 98 97 98 99 93 93 94 95 97 90 90 85 90 92 85 82 78 86 87 135 
97 97 97 97 99 92 92 93 94 96 89 89 83 89 91 84 80 75 84 86 134 
97 97 96 97 99 91 91 92 . 93 95 88 87 82 88 90 83 78 72 82 84 133 
96 96 96 96 99 90 90 91 92 94 
' 
87 . 85 80 86 88 82 75 70 80 82 132 
95 95 95 96 98 89 89 90 91 93 85 83 78 85 . 86 80 73 67 78 79 181 
94 94 95 95 98 88 87 89 90 92 83 81 76 83 85 78 70 64 77 77 130 
93 ' 93 94 95 97 86 85 88 89 90 81' 79 74 81 83 76 ' 68 62 75 74 129 92 92 93 94 96 84 84 87 87 89 80 77 72 79 80 +2 66 59 72 72 128 91 91 92 93 96 83 82 85 86 87 79 75 69 77 78 65 56 70 69 127 
89 90 91 92 95. 81 80 82 85 85 77 72 66. 75 75 72 63 52 67 66 126 
87 89 89 91 94 79 78 79 83 83 75 69 62 72 72 70 60 48 64 63 125 
85 88 88 89 92 77 76 77 80 81 73 67 59 69 70 68 58 44 60 59 124 
83 87' 86 88 91 75 74 75 78 78 71 65 56 66 66 65 57- 41 57 56 123 81 86 85 87 89 73 72 72 76 76 69 63 52 63 63 62 54 38 54 53 122 
78 84 83 86 88 70 69 70 74 73 67 60 49 61 60 59 • 51 35 52 50 121 
76 82 81 84 85 67 66 ,68 72 10 65 57 47 58 57 57 48 33 49 46 120 
74 so 80 82 83 64 63 66 69 67 62 54 45 56 5.4 55 46 32 47 43 119 
71 78 78 80 81 61 61 64 67 64 59 52 43 53 50 52 43 30 44 40 118 
68 7.6 76 78 78 59 58 61 64 61 56 49 40 50, 47 50 40 27 41 37 117 
65 73 73 76 75 57 55 58 61 58 53 46 37 48 44 47 37 24 39 34 116 
62 70 70 73 72 53 52 55 58 54 50 43 34 45 41 44 35 22 3G 31 115 
59 67 68 71 69 50 49 51 56 51 48 40 31 43 37 42 33 20 34 28 114 
55 64 65 69 66 47 45 48 53 47 45 37 28 40 34 39 30 18 32 25 118 
50 61 62 67 62 44 41 45 50 44 42 34 26 38 31 36 27 16 30 22 112 
46 58 60 64 59 40 38 42 47 41 38 32 25 35 28 33 24 14 27 20 111 
43 55 58 62 55 37 35 39 44 37 35 30 23 33 25 30 22 13 25 18 110 
40 51 54 59 51 84 82 36 41 84 0 82 27 21 30 23 27 19 11 22 16 109 
38 48 50 56 47 32 80 33 39 81 80 25 18 27 20 25 17 10 19 14 108 
35 45 46 53 44 29 27 80 36 28 28 23 16 24 18 23 15 9 17 12· 107 
33 42 48 50 40 27 24 27 84 25 26 20 15 22 16 21 13 8 15 .10 106 
29 89 40 47 36 24 22 25 32 23 23 18 14 20 14 19 12 7 14 9 105 
27 36 37 43 83 22 20 23 29 20 21 16 12 18 12 17 11 6 13 8 104 
24 33 34 40 29 19 17 21 27 18 19 14 11 16 11 15 9 6 12 7 103 
22 80 31 87 26 17 16 19 25 15 17 13 10 14 9 14 8 5 10 6 102 
19 28 28 85 23 15 14 17 23 14 15 11 9 18 8 12 7 4 9 5 101 
18 26 25 82 20 14 13 15 21 12 18 10 8 11 7 11 6 4 8 4 100 
16 23 28 80 18 12 12 13 19 10 11 9 7 10 6 10 6 8 7 8 99 
<15 20 20 27 15 11 10 11 17 9 10 7 6 9 5 9 5 8 6 8 . 98 
12 18 17 24 13 10 9 9 15 8 9 6 5 8 4 8 5 2 5 2 97 
11 16 15 22 ;11 .9 8 8 18 6 8 5 4 7 8 7 .4 2 4 2 96 
9 15 18 20 10 8 7 7 .11 5 7 4 8. 6 3 • 6 4 2 4 1 95 
8 18 11 19 8 7 6 6 10 4 6 .4 8 5 2 5 3 1 8 1 94 
7 12 10 17 7 6 5 5 9 4 5 3 3 5 2 4 2 1 8 1 93 
6 10 8 15 6 5 5 4 8 3 4 3 2 4 1 3 2 1 2 1 '92 
5 8 7 13 5 4 4 3 7 3 4 8 2 4 1 3 2 1 2 1 91 
4 7 6 12 4. 3 4 8 6 2 3 3 2 3 1 2 2 1 2 1- 90 
3 6 5 11 8 3 3 3 5 2 3 2 1 3 1 2 1 1 2 89 
2 5 4 10 2 2 2 2 5 1 2 1 1 2 1 2 1 1 1 88 
2 5 4 9 2 2 2 2 4 1 2 1 1 2 1- 2 1 1 1 87 
2 4 3 8 2 2 2 2 4 1 2 1 1 2 1 1 1- 1 86 
1 4 3 7 1 1 2 2 4 1 1 '1 1 2 1 1 1 85 
1. 8 2 6 1 1 1 1 8 1 1 1 1- 1 1 1- 1 84 
1 2 2 6 i 1 1 1 8 1- 1 1 1 1 1 83 1 2 2 5 1 1 1 2 1 1 1 1 1 82 
1 1 1 5 1- 1 1 1 2 1 1 1 1 1 81 
1 1 1 4 1 1 1 2 1 1- 1 1 1- so 
1 1 1 8 1 1- 1- 2 1 1 1 
' 
79 
1 1 1 8 1 1 1 1- 1-- 78 
1- 1 1 8 -1- 1 1- 77 
1 1- 2 1 76 
1- 2 1 75 
2 1- 74 
1 73 e 
11 
',':f:· ·~.· ,• ''>( - ' 
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TABLE 2. End-of-Year Percentile Norms by Grade and Test 
Students Taking Academic and Scientific Courses 
Grade 9 
' 
Grade 10 Grade 11 Grade 12 
Standard Stanc 
Score Math. I Sci. I Soc. I Eng. Math. I Sci. I Soc. I Eng. Math. I Sci. I Soc. I Eng. ~ath.l Sci. I Soc. I Eng. Sec Stud. Stud. Stud. Stud. 
158+ 99+ 99 99+ 99 99 15E 
158 99+ 99 99 99 99 99 15B 
157 99+ 99 99 98 99 98 98 157 
156 99 99 99 98 98 98 98 15E 
155 99 99+ 99 99 97 98 97 98 15E 
154 98 99 99 99 96 98 96 98 154 
153 99+ 99+ 98 99 98 99 95 97 96 97 15S 
- 152 99+ 99 99+ 99 97 98 98 98 94 96 95 97 15~ 
151 99 98 99 99 97 98 98 98 93 96 94 97 151 
150 99 99 99 99 96 98 97 98 92 95 93' 96 15C 
149 99+ 99 99 99 99 95 97 97 97 91 93 92 95 ·u~ 
148 99+ 99 99 99 99 99 95 96 96 97 90 92 90 94 14f 
147 99 99 98, 98 98 98 94 95 95 96 88 91 89 93 14'1 
146 99+ 99 99 98 98 98 98 93 95 94 95 87 90 87 92 14E 
145 99 99 99 97 98 98 97 92 94 93 ,94 86 88 86 ' 91 14! 
144 ' 99+ 99 99 98 97 97 97-. 97 91 93 92 93 85 86 84 90 '14~ 
143 99 99 .98 98 97 96 97 96 90 92 91 92 83 83 82 88 14~ 
142 99 99. 98 98 96 96 96 96 89 90 90 91 81 81 80 87 1~ 
141 99 98 98 98 95 95 95 95 87 89 88 90 79 79 77 85 141 
140 98 98 97 97 94 95 94 95 85 88 86 89 77 77 75 83· '14( 
139 98 98 97 97 93 94 93 94 84 86 -85 87 75 75 73 81 18! 
138 98 97 96 97 92 93 92 93 83 84 83' 86 73 72 70 79 131 
137 98 97 95 96 91 92 91 92 81 82 81 84 71 69 67 77 131 
136 97 97 94 96 90 91 90 90 79 80 79 82 69 67 64 74 131 
135 96 96 93 95 88 90 88 88 76 78 75 80 66 65 60 71 131 
134 95 96 92 94 86 88 86 87 74 76 72 77 64 62 56 68 13~ 
133 94 95 '91 93 85 86 84 85 72 73 69 75 62 59 52 65 13! 132 94 94 90 92 84 84 82 83 70 70 66 72 61 55 49 62 1Sl 
131 93 93 89 90 81 82 80 82 68 66 64 70 58 52 47 59 1Sl 
130 92 92 87 • 89 78 79 78 80 65 63 61 67 54 49 44 56 lSI 
129 90 90· 86 87 75 76 76 78 62 'so 58 64 51 45 ' 41 52 12! 
128 88 89 84 86 73 74 74 75 60 58 55 61 49 43 38 49 121 
127 86 88 82 84 71 73 72 73 58 55 52 59 47 41 ~ 47 12~ 126 84 86 79 82 68 70 68 71 55 52 48 56 44 38 44 121 
125 81 84 76· 80 64 67 65 68 52 49 44 52 41 35 27 41 121 
124 79 83 74 78 61 65 62 65 50 47 41 49 39 32 25 38 12~ 
123 76 82 72 75 58 63 59 61 47 45 38 46 36 30 22 34 12l 
122 73 79 69 73 55 60 56 58 44 42 35· 43 34 28 20 31 12l 
121 69 76 67 71 51 56 53 55 40 38 32 40 31 25 18 29 121 
120 67 73 64 69 48 53 50 52 38 34 30 37 29 22 16 26 121 
119 64 71 62 66 46 50 48 49 36 32 28 34 27 20 15 24 11! 
118 ·so 70 60 64 42 47 46 46 33 30 27 32 25 18 14 22 111 
117 57 67 58 61 39 44 43 43 ' '30 28 25 29 23 16 12 20 11' 
116 54 63 55 59 36 41 40 40 28 25 23 27 21 14 11 18 111 
115 49 61 52 55 32 39 36 37 25 23 20 25 19 13 9 16 111 
114 46 58 48 52 29 36 33 34 22 21 18 23 17 12 1 8 14 11~ 
113 43 65 .45. 60 27 33 30 32 20 19 16 21 ' 16 10 7 13 11l 
112 38 51 42 47 24 29 28 29 17 17 14 19 14 8 6 11 11J 
111 33 48 ' 40 43 21 27 26 27 14 ·15 13 17 12 7 5 10 11: 
110 30 45 a8 41 18 26 24 2!> 12 13 12 16 11 6 5 9 111 
109 28 42 a5 a8 17 22 22 22 ' 11 11 10 13 10 5 4 8 10! 
108 26 39 a2 36 16 20 19 20 10 10 9 11 9 4 3 7 101 
107 23 a7 29 az 14 18 17 18 9 9 8 10 8 ' 4 3 6 10' 
106 .. 20 a4 27 29 12 16 16 16 8 8 7 9 7 3 2 5 101 
105 18 al 25 27 11 15 15 14 7 7 6 8 6 a 2 4 101 
104 16 28 za' 24 9 14 13 13 6 6 6 7 6 3 2 a 101 103 14 25 21 21 8 12 12 11 5 6 4 6 5 2 2 3 10: 
102 12 23 19 19 7 11 11 10 4 4 4 5 4 2 2 3 10: 
101 10 21 17 17 6. 10 9 9 4 4 3 4 4 2 1 2 10: 
100 8 19 16 16 5 9 8 7 3 3 3 4 3 1 1 2 101 
99 7 17 ·14 14 6 8 7 6 3 a 3 3 3 1 1 2 9! 
98 6 15 12 13 4 7 6 5 3 2 2 . 3 2 1 1 1 91 
97 6 13 10. 11 3 6 ' 6 4 2 2 2 2 2 1 1 1 9' 
96 6 12 9 10 3 5 4 3 2 '~ 1 1 2 1 1 1 91 95 4 11 8 9 2 4 4 3 1 1 1 1 1 1 1 9! 
94 a 10 7 8 2 4 3 3 1 1 1 1 1 1 1- 1 9· 
93· 3 9 6 7 2 3 3 2 1 1 1 1 1 1 1 9: 
92 2 8 6 6 2• 3 3 2 1 1 1 1. 1 1- 1- 9: 
91 2 6 5 5 1 2 2 2 1 1 1 1 1 9 
90 1 5 4 5 1 2 2 1 1 1 1 ' 1 1 9• 
89 1 5 4 4 1 2 2 1 1 1 1 ' 1- 1 8 88 1 4 3 4 1 1 1 1 1 1 1 1 s: 
87 1 4 ~ ' 3 1 1 1 1 1- 1 1- 1- 8' 86 1 a ·3 1 1 1 1 1- 81 
85 1 2 2 3 1 1 1 1- 81 
84 1- 2 2 3 1- 1 1 & 
83 2 1 2 1 1 8: 
82 2 1 2 1 1 8: 
81 1 1 2 1 1- 8: 
80 1 1 2 1- 81 
. - .. , 
-
I ' 
1dard Grade 9 
:ore Math. I Sci. I Soc. I 
. Stud. 
l8+ 
l8 
l7 
l6 
l5 
~ 
,3 
-
,2 
,1 
,o 
9 
8 99+ 99+ 
7 99+ 99 99 
6 99 99 99 
5 99 ,99 99 
4 . 99 99 99 
3 98 99 98 
2 98 99 98 
1 98 98 98 
0 97 98 98 
9 96 97 97 
8 96 97 97 
7 96 97 96 
6 95 96 95 
5 94 95 94 
4 93 95 93 
3 92 94 92 
2 90 93 90 
1 88 91 89 
0 86 90 87 
' 9 84 89 86 
8 82 87 85 
7 80 85 83 
6 78 83 81 
5 75 81 78 
4 72 79 75 
3 69 76 72 
2 65 73 69 
1 61 70 67 
0 58 67 64 
9 55 64 61 
B 52 61 57 
7 49 58 53 
6 46 54 51 
5 43 51 48. 
!l 40 48 44 
3 36 44 41 
2 33 41 38 
1 so 38 34 
0 27 35 31 
9 24 ss 28 
B 22 29 25 
7 21 26 21 
6 19 ' 24 18 
5 16 22 16 
!l 14 20 13 
3 12 18 11 
2 10 15 10 
1 8 12 9 
0 7 f1 8 
9 6 10 6 
B 5 9 5 
1 4 8 5 
6 3 7 4 
5 3 6 3 
!l 3 6 s 
3 2 5 2 
2 2 4 2 
1 1 3 2 
0 1 3 1 
9 1 2 1 
B 1 2 1 
1 1 2 1 
6 1 1 1 
Manual of Directions 
TABLE 3. End-of-Year Percentile Norms by Grade and Test 
Students Taking Commercial and General Courses 
Grade 10 Grade 11 
Eng. Math. I Sci. I Soc. I Stud. Eng. Math. I Sci. I ~~d. I Eng. Math. I 
99 99 99 
99+ 99+ •99 99 99 
99 99 99 99 98 
99 99 . 99 99 98 
99+ 99 99 99 .98 98 
99+ 99 99 99 98 98 98 
99+ 99 99+ 99 99 99 98 98 98 
99 99 99 99 99 99 98 97 97 
99+ 99 99 99 99 98 98 97 97 97 
99 99 99 99 99 98 98 97 96 97· 
99 99 99 99 98 98 98 96 96 96 
99 99 99 99. 98 98 97 96 95 96 
99 98 98 . 98 98 97 97 95 95 95 
99 98 98 98 97 97 97 94 94 95 
99 98 98 97 97 96 96 93 93 94 
98 97 97 . 97 96 96 95 91 92 93 
98 97 97· 96 95 95 94 90 90 92 
98 97 96 96 95 95 93 89 ' 89 92 
97 96 95 95 94 94 92 87 88 91 
97 95 94 94 93 93 91 86 86 90 
96. 94 93 93 92 92 90 84 84 89 
96 93 92 92 ' 91 91 89 82 82 88 
95 92 91 91 90 90 88 80 81 87 
94 91 90 89 89 89 86 76 79 85 
93 89 88 87 87 87 84 73 76 83 
92 88 87 85 85 86 82 71 74 82 
91 87 86 84 83 85 81 68 71 81 
90 85 84 82 81 83 79 65 68 78 
89 82 82 79 79 80 76 62 65 75 
88 80 79 77 76 78 73 59 62 73 
86 78 77 75 74 76 71 57 59 71 
84 76 75 73 72 74 69 55 57 69 
82 74 72 71 69 72 66 53 54 66 
80 71 69 68 67 69 62 50 51 63 
78 68 66 65 64 66 59 46 48 60 
75 65 63 62 61 63 56 42 45 57 
73 62 60 58 58 60 53 38 43 54 
71 58 56 55 55 56 49 35 39 50 
68 54 53 52 52 52 46 33 36 45 
66 50 50 49 49 49 43 30 34 41 
63 47 46 46 45 46 40 27 31 38 
59 44 43 42 42 43 37 24 28 35 
56 41 40 39 39 1!0 34 21 25 ss 
53 38 36 36 36 37 30 19 . 23 so 
50 35 32 33 33 34 27 18 21 28 
47 32 29 so so 31 24 16 18 25 
. 44 29 26 28 27 . 29 21 14 16 23 
41 26 23 26 25 26 19 13 14 21 
38 24 21 23 23 23 17 11 12 19 
35 21 19 21 20 20 15 10 10 17 
32 19 17 19 18 18 13 9 9 15 
so 17 15 16 17 16 11 8 8 13 
27 16 13 14 . 15 15 10 6 7 12 
24 15 12 12 13 14 9 5 6 11 
22 13 10 11 11 12 8 4 5. 9 
20 11 9 9 10 10 7 s 5 8 
. 18 9 8 8 9 8 6 s 4 7 
16 8 7 7 8 7 5 s 3 6 
14 6 6 6 7 6 4 2 3 5 
12 5 5 . 6 6 5 s 2 8- 4 
11 4 4 5 6 4: 3 1 2 s 
10 s s 4 5 s 2 1 2 s 
9 s 3 s 4 3 2 1 2. 3 
8 .2 3 3 3 2 2 1 2 2 
7 2 '2 2 s 2 1· 1 1 2 
6 2 2 2 s 2 1 1 1 2 
5 1 1 1 2 1 1 1- 1 1 
4 1 1 1 2 1 1 1 1 
3 1 1 1 2 1 1 1 1 
3 1 1 1 1 1. 1 1- 1 
2 1 1 1 1 1 1- 1 
2 1 1 1 1 1 1 
2 1 1 1 1 1- 1 
1 1 - 1 ' 1- 1 1 
126 13 ·'·< ·,
·,._· 
·• 
Grade 12 Standard 
Sci •. I Soc. l Eng. Score Stud. 
99 99 99 148+ 
99 98 99 148 
98 98 98 147 
98 97 98 146 
98 97 97 145 
98 96 97 144 
97 96 96 143 
97 95 . 96 142 
96 94 95 141 
96 93 94 140 
95 92 93 139 
'· 
94 91 92 138 
93 90 91 137 
92 89 90 136 
92 86 88 135 
91 84 86 134 
90 83 85 133 
88 81 83 132 
87 79 81 131 
85 77 79 130 
83 74 76 129 
82 71 73 128 
81 68 71 .127 
78 64 69 126 
76 60 66 125 
74 57 63 124' 
73 54 60 123 
' 70 50 57 122 
67 47 54 121 
64 44 51 120 
61- 42 48 119 
59 40 45 118 
56 38 42 117 
53 35 40 116 
50 32 37 115 
47 29 34 114 
43 26 31 113 
39 23 28 112 .. 
36 21 25 111 
33 20 23 110 
so 18 21 109 
28 15 18 108 
25 13 16 107 
22 12 14 106 
20 11 13 105 
18 9 11 104 
16 8 10 103 
14 7 9 102 
13 6 8 1.01 
11 5 7 100 
10 5 6 99 
9 4 5 98 
8 s 4 97 
7 2 4 96 
6 2 s 96 
5 2 s 94 
4 1 3 93 
4 1 2 92 
3 1 '2 91 
3 1 2 90 
2 1 1 89 
2 1' l 88 
2 1 1 87 
1 1- 1 86 
1 1 85 
1 1 84 
1 1- 83 
1 82 
1 81 
1 80 
1- 79 
78 
77 
76 
. ' 
~- ' 
.:. 
:,. 
~ \' 
~: 
~ ~' .. 
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· "· Essenfia·lHigh' ~chool Confen_t Battery 
TABLE 4a.. Mean Standard' Scores in MathePiatics Test for Students Tested at End of' Grades 
9...:12, According to Number of Semesters of Instruction in Mathematics 
Number End of Grade 9 End of Grade 10 End of Grade 11 End of Grade 12 All Grades 
Semesters Combined 
Instruction N :M: N M N M N M N M 
9 232 134.2 232 134.0 
8 232 124.0 1025 131.4 1257 131.1 
7 42 127.4 221 130.5 263 130.1 
6 348 118.0 2519 126.0 2031 122.5 4898 124.0 
5 57 113.6 217 121.3 213 120.6 487 120.2 
4 428 111.5 5668 118.5 3485· 114.8 2846 114.5 12422 116.0 3. 64 110.0 344 113.9 231 111.0 214 111.9 •853 111.0 
2 7752 111.5 . 3957 108.0 2795 107.5 1782 108.0 16286 109.8 
1 234 105.5 87 106.0 76 105.0 47 104.0 444 105.3 
0 856 102.0 369 102.0 258 102.0 209 102.0 1692 102.0 
TABLE 4b. Mean Standard Scores in Science Test for Students Tested at End of Grades 9-12, 
According to Number of Semesters of Instruction in Science 
Number End of Grade 9 End of Grade 10 End of Grade 11 End of Grade 12 All Grades 
Semesters Combined 
Instruction N M N M N M N M N M 
9 74 127.9 74 127.9 
8 71 118.0 903 132.3 974 131.6 
7 18 134.6 . 77 132.3 95 132.9 
6 158 116.0 1645 125.4 1859 126.8 3662 125.5 
5 26 114.3 108 123.0 125 123.6 259 122.3 
4 164 108.8 4116 116.8 3626 118.8 3014 119.0 10909 117.9 
3 6 105.7 267 115.4 196 117.9 150 116.0 619 116.1 
2 5776 109.9 4686 112.9 3326 112.6 2144 113.4 15981 112.0 
1 841 108.0 188 111.0 125 109.2 84 111.8 688 109.2 
0 2588 102.0 1114 106.8 627 106.0 888 104.0 4.662 104.0 
. ~ :;_ .. 
TABLE 5. Distribution of Average Standard Scores, by Grade and Subject, for Schools in National Standardization Popula1 
Grade 9 Grade 10 Grade 11 Grade 12 
Standard Stand 
Score Math., Sci. I ~~d. I Eng., Math., Sci. I Soc. I Eng. Math., Sci. I So~ I Eng. Math., Sci. I So~. I Eng. Sco1 Stud. Stud. Stud. 
188-139 1 138-l 
136-137 ' ' 186-l 134-135 1 6 134-l 
132-133 1 1 1 5 1 132-l 
130-131 1 2 2 8 1 3 4 7 5 180-l 
128-129 4 1 2 6 2 4 19 8 128-l 
126-127 1 2 6 3 8 2 16 6 6 22 
4] 
9 126-l 
124-125 1 2 8 2 6 6 26 4 8 12 34 28 124-l 
122-123 8 1 3 10 6 9 4 12 17 
'il 11 26 31 22 28I 122-l 120-121 2 4 6 18 8 6 12 '1 31 31 '1 34 19 38 120-1 118-119 12 4 8 1 24 12 11 13 :.u 20 11 341 48 21 8 so 118-1 116-117 8 13 12· 3 ~u "I '1 23 49 23 43 21 30 10 21 116-1 114-115 20 7 ·14 8 18 40 2] 23 24 .2 32 . 14 15 9 16 114-1 112-113 
'T 23 '1 13 49 S\9 35 48 47 29 14 32 29 13 6 6 112-1 110-111 27 "I 20 "I 1 21 10 34 1 9 6 15 9 3 8 5 110-1 108-109 29 25 41 38 20 20 27 28 15 8 11 6 4 1 2 4 108-1 106-107 19 44 22 26 19 14 7 13 7 9 4 6 2 1 3 106-1 104-105 16 26 26 37 11 9 9 17 5 1 3 3 1 2 1 104-1 
102-103 17 13 9 23 5 5 10 5 1 1 1 2 1 1 102-1 
100-101 7 13 5 18 1 1 3 4 1 1 1 100-1 
98-99 1 13 10 8 2 2 4 1 1 98-9 
9S...97 1 1 2 ,4 1 2 3 1 1 2 96-9 
94-95 2 3 1 1 1 94-9 
92-93 1 2 1 1 1 92-9 
90-91 1 1 90-9 
88-89 1 1 88-S 
86-87 3 86-S 
84-85 84-S 
82-83 82-S 
80-81 1 80-S 
No. of 
Schools 205 203 204 "204 230 228 228 229 226 225 224 225 202 201 200 198 
75th %-ile 112 110 112 110 116 116 116 115 118 120 123 119 121 123 126 123 
50th %-ile 109 107 108 107 113 113 113 112 115 116 120 116 118 120 124 120 
, 25th %-ile 105 103 104 103 111 109 109 108 111 113 115 113 113 116 120 117 
*Vertical line beside each distribution indicates the middle 50 per cent of the distribution • 
. ' ' ·_._ ... .-....._; 
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' Manual of Directions 127 15 
TABLE 6a. Split-Half and Alternate-Form Reliability Coefficients, by Separate Grade Levels 
Grade 10 Grade 11 Grade 12 
Test S.E.• S.E.• S.E.3 N TABl r!I• Meas. N TABI Trr
2 
Meas. N TABI Trr
2 
Meas . 
Mathematics 114 .85 . 87 4.2 101 .92 .93 4.2 96 .87 .95 3.9 
Science 297 .67 .76 5.1 268 .78 .89 3.8 252 .81 .89 4.5 
Soc. Studies 176 .83 .88 4.7 151 .87 .90 4.1 145 .84 .88 4.1 
English 215 .86 .90 4.1 181 .87 .90 3.0 119 .85 .91 3.6 
Total Battery 157 - .95 2.6 113 - .95 2.7 155 - .96 2.4 
'AB- Correlations of alternate forms. 
"n- Correlation of odd and even items on Form AM conected by the Spearman-Brown formula. • 
~.E. Meas.- Standard Error of Measurement, using the formula S.E. Meas. = cr!'V1 - r11 when err = S.D. of total score and rrr is cor~ .:: 
ed split-half reliability coefficient, These standard errors are expressed in terms of standard scores. 
3LE 6b. Alternate-Form Reliability Coefficients for Parts 
A-H of English Test 
Reliability Coefficients 
Part Grade 10 Grade 11 Grade 12 
N = 215 N = 181 N = 120 
Reading for Informa-
tion .53 .49 .38 
Vocabulary .63 .73 .70 
Business Definitions .36 .46 .36 
Use of References .47 .48 .58 
Literature Acquaint-
ance .52 .62 .58 
Language Usage .55 .62 .53 
Capitalization & 
Punctuation .61 .60 .62 
Spelling .78 .72 .76 
ILE 7. Mean Raw Scores for Parts A-H of English Test 
Mean Raw Scores - Form AM 
Part Grade 10 Grade 11 Grade 12 
N = 215 N = 181 N = 120 
Reading for Infornia-
tion 9.50 9.74 10.18 
Vocabulary 8.07 8.76 9.91 
Business Definitions 7.42 7.84 8.32 
Use of References 6.13 6.78 7.46 
Literature Acquaint-
ance 7.90 8.43 8.36 
Language Usage 39.35 40.22 40.58 
Capitalization & 
Punctuation 43.42 45.35 45.95 
Spelling 42.66 45.28 46.35 
Reliability and Equivalence of Forms 
Reliability data for the Essential High School Content 
Battery are summarized in Tables 6a and 6b. The 
coefficients reported include (1) correlations between 
Form AM and Form BM administered within an interval 
of a week, separately for Grades 10 through 12, for each 
of the four tests in the b!=tttery; and (2) for the same 
populations, split-half reliability coefficients by grade 
and subject. Likewise included are standard errors of 
measurement (in terms of standard scores) for each test 
for· separate grade levels. In addition to tke reliability 
data for the four major components of the battery, alter~ 
nate-form reliability coefficients are reported (Table 6b) 
for the eight parts of the English test. Similar data are 
not provided for the other tests of the battery, since 
their parts do not have quite the same direct diagnostic 
possibilities. The reliability figilres for the parts of the 
English test indicate that these part scores, in most cases, 
ought not to be used for individual diagnosis, but can be 
used satisfactorily in the interpretation of class results. 
Mean scores on the parts of .the English test are provided, 
by grade level, in Table 7, in order to help in this type 
of interpretation of scores on these parts. 
Even though in the construction of the final Forms AM 
and BM, items had been allocated so as to yield precisely 
balanced forms, it was deemed desirable to check this 
equivalence on· independent groups. Therefore, both 
Form AM and Form BM were administered to groups of 
students in six communities in a rotated~group experi-
ment, with a random half of the students taking Form 
AM first and the other half taking Form BM first. The 
number of students varied from 1316 taking both forms 
of the Social S~udies test, to 1976 taking both forms of 
the . Science test. Results of this study indicated that 
the two forms of the Science test could be considered 
equivalent in difficulty, and that Form BM of the other 
three tests was slightly easier than Form AM of the 
respective tests, particularly in the upper part of the 
· range of scores. Such minor differences, however; are 
provided for in the tables converting number right on 
each test to standard score; exarnination of these tables, 
which appear on the answer sheets, will reveal the magni~ 
:tude of the discrepancies. · 
·' •• - •• .i. '-~ • 
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16 Essential High School Content Battery . 
Using the Test Results· 
It will be clear from what has been said that there are 
many purposes which may be served by the Essential 
High School Content Battery. The paragraphs which fol-
low outline some of the most common ways in which the 
results may be of assistance. 
Appraisal of achievement.· The battery is designed, in 
the first instance, to provide continuous measures of 
achievement in the basic areas of secondary school in-
struction. For the principal, or department head,· or 
other administrator, the results constitute one type of 
evidence as to the effectiveness of his program in achiev-
ing many of the important educational outcomes. Re-
peated use of the battery at intervals during the high 
school career of students permits measurement of growth 
in the four areas covered. The fact that all scores are 
expressed in terms of a uniform standard score scale 
facilitates comparison of results from one area to another. 
Interpreta;tion of the results for a ·student, class, or 
school provides the basis for a partial evaluation of the 
success of the school in attaining certain of its objectives. 
The battery, yielding as it does measures that cover 
the work of all four grades of high school,. makes possible 
a type of continuing evaluation that is not provided by 
tests covering the work of a single course. The battery 
is based in part on the premise that it is important for 
the student to retain over a period of years at least some 
of the skills and knowledges which are supposedly taught 
in-any single course. For measuring mastery of the con-
tent of any individual course, it is necessary to use sepa-
rate subject tests, such .. as the tests in the Evaluation and 
Adjustment $eries of high school tests. 
Guidance. One of the most important uses of the Es-
sential High School Content Battery is in connection with 
the educational and vocational guidance of students. 
The battery possesses many of the characteristics that 
are crucial in a well-conceived guidance instrument: the 
scores on the four tests are comparable (in the sense of 
having been normed on the same population), so that 
meaningful profiles of proficiency in the four areas may 
be derived; the areas covered emphasize the broad objec-
tives of high school instruction rather than the specific 
content of particular courses; and the areas covered are 
important from the standpoint of prediction of future suc-
cess, either in college or in certain vocational fields. 
The student's profile charts, incorporated in his cumu-
lative record folder, constitute a continuing graphic rec-
ord of his achievement status, and thus of his growth, 
throughout his secondary-school career. From the 
standpoint of a guidance officer, studying individual 
needs and plaiming programs accordingly, this informa-
tion .is of tremendous value. 
The usefulness of results for guidance purposes is en-
hanced by the possibility of interpreting these results in 
---~ I I 
relation to student capacity. In the standardization :r: 
gram every student toqk an intelligence test (Term 
McNemar Test of Mental Ability, Pintner General Abi 
Test, or Otis Quick-Scoring Mental Ability Test) in ac 
tion to the battery. Expectancy tables relating sec 
on the battery to ability levels have been prepared 
each grade and subject-matter area so that it is possibl1 
make meaningful comparisons of achievement and a 
demic aptitude as measured by these tests; this supplem 
tary interpretative material will be furnished on requ 
Improvement of instruction. One of the purposes of 
Essential High School Content Battery is to make possi 
improvement of the instructional program, through 
provision of dependable information on the success 
the program in accomplishing its objectives. The 1 
tery is designed to be useful to department heads in 
ested in an over-all picture of the e:ffectiven~ss of offeri 
in a given area. Thus, the social studies. departm 
head, for example, can study the results for succes~ 
grades on the Social Studies test, and appraise the r 
tive contributions of .variotis courses toward the att 
ment of general objectives in this area. The organ 
tion of each test by parts. permits interpretation of 
results for a class or a grade in a more diagnostic fash 
The availability of the item-difficulty values previ01 
referred to facilitates this type of interpretation. 
Gtaduation examination. In schools where ceri 
standards of achievement are maintained as a condii 
of ~duation, the battery can be used very e:ffecti1 
as part of a· graduation examination program. The 
tablishment of minimum scores for graduation· must 
made by each school in terms of its own goals, its < 
student body, etc,, but such local standards can be 
tablished more meaningfully in light of the nationalJ 
mative data which are provided. 
College admission and placement Because high scl 
achievement iS such a good predictor of college succ 
results on the battery are extremely helpful in coru 
tion with college admissions and college placement w1 
'When administered during the freshman week in col 
the results may well be used as the basis for establ 
ment of remedial groups in various areas or for counse 
with respect to college courses to be taken. 
System-wide surveys. The Essential High School ( 
tent Battery emphasizes content that is common toIl 
schools. It is, hence, well adapted for use in c 
county, or state surveys of high schoor achieven 
where it is desirable to use an instrument equally 
from a curricular standpoint to most schools. The 
terpretation ofresults for such system-wide surveys 
be made·more meaningfully in terms of the distribut 
of school averages provided for the battery (Table 
These distributions permit a more accurate interpr 
tion of school averages than would use of the perceJ 
norms for individual students. · 
--
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39 • 69 • 24 .• 54 • 84 • 114 • 
40 • 70 • 25 • 55 • 85 .115 • 
'41. 71 • 26 .• 56 • 86 .116 • 
42. 72 • 27 • 57 • ~7. 117 • 
43 • 73 • 28 • 58 • 88 • 118 • 
- 44 • 74 • 29 • 59 • s:• 119 • 
45 • 75. 30. 60 • 90 .120 • 
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Test l. Mathematics: Forms Am and Bm 
Item Difficulty and Validity Values, by Separate Grades, 9-12 l 
Form Am Form Bm 
Item No. Difficulty Val:l.dity. , Difficulty Validity 
9 10 ll 12 9 10 . 11. 12 9 10 ll 12 9 10 ll 12 
art A. l 86 90 90 87 40 32 32 35 76 77 78 77 27 34 4l 53 
2 66 64 66 72 46 37 47 49 56 62 61 64 20 44 39 33 
3 55 57 63 64 .39 38 57 49 52 59 59 63 32 35 44 59 
4 56 58 63 58 41 44 40 49 54 55 59 59 46 37 47 57 
5 51 55 55 58 3B 46 53 51 52 55 56 58 22 31 .36 38 
6 53 59 55 60 56 61 71. 65 48 55 56 56 58 63 6,3 67 
7 ,38 45 49 45 40 30 34 58 53 48 53 48 34 31 3.3 43 
8 30 27 26 32 31 40 ,38 56 31 .30 33 31 21 16 15 39 
9 44 47 53 45 25 42 .57 45 42 54 52 58 36 61 68 69 
10 35 39 48 4J.. 47 6.3 72 65 33 38 47 39 47 49 63 61 
ll 23 41 46 43 48 64 78 73 34 44 47 48 54 70 82 71 
l2 37 43 45 44 49 49 73 67 6~ 58 45 48 31 29 27 39 
13 4l 38 42 42 48 49 61 57 36 38 43 45 56 54 67 62 
14 29 31 39 35 4l 62 7.3 62 37 4l 42 45 61 58 65 65 
15 25 26 30 31 51 45 63 62 36 41 41 42 48 44 47 46 
16 2l 27 22 32 38 36 54 50 27 32 39 .34 48 55 64 72 
17 14 15 19 24 50 25 49 71 21 17 25 34 37 30 45 68 
18 8 10 26 21 9 26 60 53 8 ll 23 22 19 27 60 54 
19 ll 16 20 21 23 5.3 51 68 12 19 19 27 33 35 59 60 
20 7 13 17 15 17 36 36 61 9 ll 8 9 49 40 36 50 
•art B. 2l 68 72 78 69 39 42 54 58 62 66 67 67 33 56 66 54 
22 62 67 71 63 38 29 36 25 48 49 50 51 54 46 50 55 
23 33 37 46 41 38 52 61 59 26 47 48 49 22 54 62 56 
24 30 30 46 39 45 52 73 63 22 40 42 ,38 45 58 61 7.3 
25 ,3.2 45 43 40 4l 58 77 64 33 42 37 38 32 40 48 51 
26 .31 44 44 40 30 56 7.3 64 20 35 34 44 33 58 53 58 
27 21 34 41 38 31 52 60 66 9 30 36 34 37 52 66 66 
28 35 34 ,36 41 24 34 30 54 12 19 22 29 46 54 63 60 
•art c. 29 62 69 65 73 27 22 12 32 49 54 58 56 27 18 46 ,38 
30 46 52 61 57 21 14 18 29 46 50 55 62 22 22 24 27 
31 39 48 59 52 31 30 20 25 42 46 50 53 20 29 22 32 
32 43 49 54 58 38 37 42 39 36 42 43 40 34 45 36 35 
33 32 41 49 51 45 34 34 52 35 39 41 42 31 30 20 ,31 
34 29 38 41 51 36 28 34 36 18 29 28 24 26 29 24 44 
35 34 36 41 44 21 24 19 39 23 32 27 31 15 22 22 26 
· Item Difficulty value is the average of the per cents of students in upper ?Tid 
lower 27% ofthe group at each grade level giving correct response; no correction 
for chance success was emplo~ed. 
Item Validitl value is the pr9duct moment correlation between success or fail-
ure. on the item and total score on the test estimated from the per cent passing 
the item in the upper and lower 27% by means of the Flanagan tabJ,..e. 
Difficulty and validity values are based on results of tests administered in 
14 high schools in 5 states. Number of cases by grade are as follows: 
Grade 9, 1245; Grade 10, 1080; Grade 11, 870; Grade 12, 790. 
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Form Am Form Bm 
Item No. Difficult;r Validity Difficulty Validity 
9 10 11 12 9 10 11 12 9 1(j 11 12 9 10 11 12 
[i>art D. 36 86 89 91 89 25 26 ~5 35 51 57 70 66 . 38 39 2.3 39 
37 40 37 49 32 30 21 19- 26 49 56 6,3 68 42 48 51 32 
38 42 44 52 56 41 32 26 32 36 48 54 59 42 30 25 40 
39 35 33 43 41 33 31 42 37 34 44 46 50 40 26 44 51 
40 22 30 35 39 28 42 51 44 31 32 35 38 19 39 21 37 
41 17 24 26 29 12 18 41 36 23 26 32 38 18 22 41 30 
42 24 28 24 31 19 21 20 44 26 .31 31 ,36 34 4.3 47 50 
43 15 16 15 24 24 23 25 42 23 21 27 28 29 .32 41 49 
=>art E. 44 51 5!3 55 65 45 31 42 50 55 65 69 66 43 37 4!3 4!3 
45 46 47 53 56 51 55 69 59 .32 .39 .37 41 40 50 58 59 
46 34 42 41 u 43 44 52 46 12 20 14 10 .30 26 .35 52 
47 13 J-3 31 24 28 48 60 61 2 7 11 10 17 4.3 45 52 
48 12 13 30 g5 35 48 64 72 6 6 12 7 40 25 47 43 
49 11 10 29 22 .33 40 67 62 11 17 19 10 ,32 ,3!3 45 51 
?art F. 50 55 61 60 53 42 60 53 46 69 70 80 64 46 35 .38 30 
51 33 31 4.3 33 53 43 61 53 54 58 59 59 39 50 .37 46 
52 14 17 19 16 22 37 4.3 54 33 41 44 45 52 54 57 62 
53 19 20 16 31 28 26 35 49 29 ,36 34 29 43 48 58 54 
54 14 19 20 15 40 58 67 6:L 24 28 16 27 43 38 44 55 
55 11 15 1.3 15 . 45 42 49 62 15 16 13 1.3 51 ,36 49 50 
56 9 10 8 10 1 26 40 34 47 10 12 9 8 26 15 51 36 
?art G. 57 37 39 44 42 39 49 "56 59 37 39 44 42 39 49 56 59 
58 ll 14 21 20 43 51 48 60 ll 14 21 20 43 51 48 60 . 
59 19 23 17 22 u 29 16 54 20 26 25 31 37 35 53 ,38 
60 9 15 9 14 19 ,32 .32 50 16 17 17 16 27 33 45 .39 
?art H. 61 16 26 23 22 27 67 55 40 11 28 25 28 ,38 53 67 59 
62 8 24 23 21 29 56 55 68 10 24 21 21 35 44 53 57 
63 11 22 18 17 1.3 62 40 45 14 17 17 14 50 u 45 51 
64 13 21 17 18 28 40 55 48 14 28 17 19 30 39 64 42 
65 6 20 17 18 14 50 64 48 l2 22 17 16 41 39 44 55 
66 9 10 5 13 26 26 38 38 8 17 10 14 34 .41 9 38 
-
Mean 31 36 39 39 34 41 48 51 .31 37 . .:?._8 39 36 40 46 50 
... 
---
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Test 2. Science! Forms Am and Bm 133 
Item Difficulty and Validity Values, by Separate Grades, 9-12 1 
Form Am Form Bm 
Item No. Difficulty Validitr _ Difficulty Validity 
9" 10 11 12 ·-· "9 10 11 . 12 
.9 10 ll 12 9 10 ll 12 
Part A· 1 74 80 80 84 16 16 21 21 57 84 80 79 42 63 24 53 
2 51. 58 68 73 55 56 46 47 60 65 65 70 45 46 37 37 
3 57 58 59 62 33 36 37 43 50 65 69 70 31 44 54 iJl 
4 49 70 59 50 31 46 38 38 45 60 60 65 52 33 50 u 
5 53 41 56 51 40 46 36 42 52 43 58 48 41 47 50 59 
6 43 54 52 52 38 33 40 48 34 60 58 51 47 45 57 50 
7 21 51 50 42 19 57 60 57 37 55 53 58 35 49 49 48 
8 30 50 50 55 26 33 33 42 36 37 40 50 33 39 31 64 
9 37 34 43 40 30 35 51 52. 34 44 47 43 24 24 29 39 
10 26 
·57 45 45 35 28' 35 43 20 49 49 40 40 45 50 50 
ll 2.) 33 4l 44 17 11 30 38 35 31 42 41 12 -04 33 31 
12 26 20 35 40 38 30 47 55 13 25 38 48 20 34 55 70 
13 24 32 37 39 8 39 34 39 20 40 40 40 22 37 42 48 
14 28 31 33 37 25 12 28 35 23 34 34 35 32 30 45 47 
15 37 30 31 36 45 36 47 48 10 9 22 35 14 32 40 60 
16 24 34 39 39 10' 18 26 26 15 19 17 28 -01 15 27 37 
17 61 54 57 55 46 34 42 50 33 42 43 45 33 37 30 31 
18 31 33 38 42 28 22 43 49 31 33 36 39 43 25 46 51 
19 15 33 26 28 5 41 53 39 22 30 36 43 21 23 24 52 
20 50 60 60 65 48 45 43 34 62 67 79 79 43 38 62 54 
21 34 34 35 35 40 36 53 48 41 36 37 39 44 29 44 42 
22 35 40 45 45 40 40 40 40 35 45 50 50 50 50 5.0 50 
23 57 61 49 59 22 15 61 41 39 40 50 55 27 38 47 48 
24 40 40 40 40 50 50 50 50 35 35 35 40 35 23 35 51 
25 34 38 35 50 20 25 30 45 21 17 20 27 14 16 37 49 
26 50 65 65 75 50 41 41 46 64 72 74 80 42 .33 42 40 
27 35 41 55 57 32 38 63 54 49 48 59 70 45 54 43 69 
28 48 54 55 62 55 42 57 54 50 57 59 66 34 37 51 45 
29 31 35 47 54 27 37 49 51 55 54 53 59 33 15 41 31 
30 19 26 38 37 12 18 43 5~ 16 19 26 30 27 21 34 51 
31 44 49 54 58 52 46 50 57 42 41 56 45 44 35 48 53 
32 45 50 45 57 43 39 49 47 33 38 41 43 36 36 41 43 
33 42 53 58 64 37 49 50 45 72 82 00 86 49 34 51 61 
34 24 58 45 51 26 48' 50 57 31 4S 40 40 34 44 38 39 
35 79 85 89 88 46 39 33 31 50 66 59 56 42 49 47 44 
1 Item Difficulty value is the average of the per cents of students in upper and 
lower 27% of the group at each grade level giving correct response; no correction 
for chance success·was employed. 
Item Validity value is the product moment correlation between success or fail-
ure on the item and total score on the test estimated from the per cent passing 
the item in the upper and lower 27% by means of the Flanagan table. 
Difficulty and validity values are based on results of tests administered in 
14 high schools in 5 states. Number of cases by grade are as follows: 
Grade 9, 1371; Grade 10, 1159; Grade 11~ 929; Grade 12, 807. 
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Form Am Form Bm 
Item No. Difficulty Validity Difficulty Va1idit:l 
9 10. ll 12 9 10' ll. 12 ~ 10 ll 12. 9 10 11 12 
36 61 72 71 66 48 43 42 44 38 57 51 60 29 51 42 37 37 33 58 48 41 27 43 40 48 33 50 47 47 7 44 50 39 38 47 46 49 51 35 41 34 26 30 31 38 45 31 32 34 46 
39 39 48 39 44 25 10 23 20 25 34 37 26 33 24 30 22 
40 27 28 22 31 22 14 19 20 21 20 28 30 23 30 17 30 
41 24 15 19 21 12 ll 30 38 16 17 16 19 0 41 28 35 
42 4 5 9 6 6 14 20 28 14 13 17 15 18 12 22 20 
Part B. 43 71 78 82 83 57 70 48 66 64 80 80 84 65 63 55 44 
44 60 60 60 60 45 49 45 43 64 72 70 70 49 48 39 54 
45 42 56 53 60 47 46 54 53 44 55 59 60 52 48 41 41 
46 29 46 48· 45 21 32 40 27 56 68 64 71 58 "45 49 59 
47 25 35 44 45 28 42 59 57 44 59 64 69 51 53 46 59 
48 38 49 53 55 42 46 59 52 24 20 30 35 17 25 40 45 
49 18 24 34 39 21 23 52 43 24 27 32 u 25 32 44 42 
50 26 50 49 52 26 38 38 42 53 62 60 73 38 51 53 44 
51 23 35 36 36 -01 35 48 51 20 25 25 30 23 39 34 36 
52 59 75 80 85 47 56 55 67 42 72 79 80 -02 52 32 34 
53 60 66 '71 79 54 45 37 36 33 45 45 50 23 37 35 27 
54 49 58 59 61 30 48 47 33 48 60 70 75 51 48 45 45 
55 43 55 63 63 34 31 30 25 45 53 64 65 48 41 35 57 
56 46 56 60 72 37 36 28 44 36 47 54 55 31 36 36 16 
57 64 69 71 75 38 34 47 33 38 46 48 50 25 26 32 24 
58 45 55 55 65 26 34 45 31 58 71 72 75 41 30 34 27 
59 28 33 36 41 37 46 39 46 28 34 39 45 25 27 39 25 
60 41 53 60 66 29 33 37 39 47 52 64 55 40 46 40 32 
61 26 35 4CY 44 29 44 44 40 49 57 62 65 45 49 37 57 
Part c. 62 71 75 75 76 48 37 34 32 60 60 60 60 -ll 35 35 7 
63 41 48 52 54 57 43 47 39 27 32 36 35 23 39 40 30 
64 25 30 30 35 45 45 45 40 20 31 31 30 11 34 20 32 
65 39 40 41 45 45 44 27 52 40 45 50 60 33 40 48 44 
66 23 37 42 37 25 41 59 60 32 37 40 50 32 44 47 64 
67 11 26 22 20 23 38 39 23 49 54 59 64 45 45 45 45 
68 41 54 53 56 47 43 47 38 30 30 30 35 13 14 30 36 
69 23 31 36 36 29 37 50 46 23 27 30 33 32 40 41 48 
70 23 21 28 30 32 23 37 35 29 30 31 45 22 35 40 50 
Mean 39 47 49 51 33 37 42 43 38 45 48 51 32 37 40 43 
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Test 3. Social Studies: Forms Am and Bm 135 
Item Difficulty and Validity Values, by Separate Grades, 9-12 l 
Form Am Form Bm 
-·--
Item No. Difficulty Validity Difficulty Valid±t;y: 
9 10 ll 12 9 10 ll 12 9 10 ll l2 9 10 ll 12 
Part A. l 72 82 88 86 40 36 4.3 5J. 79 81 84 81 42 49 44 47 
2 70 79 85 80 41 36 25 40 67 69 82 80 27 34 59 57 
3 69 77 82 91 60 3.3 49 26 61 60 70 72 48 29 49 51 
4 56 69 71 71 35 36 47 45 60 66 70 70 40 50 62 53 
5 53 63 67 72 35 4.3 60 52 42 43 54 60 37 39 L~5 59 
6 38 51 63 63 42 52 64 49 30 49 55 63 53 61 70 72 
7 35 33 44 58 19 34 53 55 48 59 63 65 20 36 41 47 
8 30 35 44 44 46 49 57 64 32 46 55 59 37 52 51 28 
9 19 24 32 34 8 l.2 27 38 26 32 39 47 34 42 48 46 
10 29 26 29 33 27 20 22 43 ll 17 21 35 27 30 38 58 
Part B. ll 46 60 69 70 46 49 50 48 59 66 74 70 47 38 31 43 
12 49 59 68 64 36 39 43 33 57 62 61 70 42 37 57 53 
13 36 44 59 71 61 70 52 35 44 49 51 64 30 33 43 39 
14 43 51 53 61 45 40 58 57 40 47 54 60 42 38 47 42 
15 53 61 53 60 28 28 27 21 42 54 57 56 47 45 55 47 
16 35 43 52 57 30 30 32 42 40 41 51 59 31 48 38 49 
17 36 42 46 54 41 43 29 38 27 39 46 47 46 48 52 46 
18 31 34 37 46 35 27 33 42 33 42 44 49 31 46 27 28 
19 24 31 32 31 7 26 17 33 25 30 34 41 31 30 44 41 
20 19 27 37 42 35 43 53 65 23 .31 28 37 21 19 21 33 
Part C. 21 58 75 82 79 34 43 53 69 69 72 83 87 48 .60 56 59 
22 67 70 74 83 44 41 61 51 70 74 83 77 39 45 21 45 
23 48 61 66 73 38 48 59 58 61 66 so 84 53 45 44 63 
24 53 60 65 71 44 39 53 52 29 47 61 58 43 56 53 56 
25 41 53 57 62 37 41 50 53 29 ,38 48 55 26 39 56 56 
26 41 47 53 57 42 42 49 41 22 41 41 46 17 27 .35 47 
27 35 41 50 53 35 .38 48 48 21 31 41 42 20 40 43 51 
28 35 42 51 62 36 44 54 53 32 .37 39 41 17 24 42 37 
29 21 32 36 .39 35 41 52 40 18 22 33 33 29 28 .37 41 
30 16 18 24 32 -03- 22 46 56 18 19 26 38 28 34 60 51 
Part D. 31 73 78 81 86 55 47 59 40 54 62 66 74 37 41 45 42 
32 66 64 69 65 35 25 .31 36 44 49 61 61 40 37 53 53 
.33 65 60 68 76 42 49 56 31 49 43 57 63 44 34 58 61 
34 41 44 45 57 47 40 43 40 43 44 47 52 21 40 26 16 
35 32 3.3 4.3 45 35 26 47 37 47 48 53 63 26 25 35 34 
l Item D:i.fficulty value is the average .of the per cents of students in upper and 
lower 27% of the group at each grade level giving corre~t responsej no correction 
for chance success was employed. 
Item Validity value is the product moment correlation between success or failure 
on the item and total score on the test ~timated from the per cent passing the 
item in the upper and lower 27% by means of the Flanagan table. 
Difficulty and validity values are based on results of tests administered in 
l4 high schools in 4 states. Number of cases by grade are as follows: 
Grade 9, 1361; Grade 10, 1229; Grade 11, 936; Grade 12, 837. 
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EQI:ID Am :: Form Bm 
Item No. Difficulty Validity Difficulty Validity 
9 10 ll 12 9 10 ll 12 . 9 10 ll 12 9 10 ll 12 
'art I. 79 47 54 58 64 50 50 62 44 58 59 61 .66 68 47 50 58 
so 44 48 49 43 23 39 39 45 42 44 51 55 47 37 46 51 
81 32 33 46 43 25 31 37 41 39 36 45 47 46 44 51 52 
82 16 18 28 30 16 29 39 45 33 40 45 46 41 39 54 41 
83 14 16 25 28 18 39 32 50 11 ll 25 27 21 33 45 42 
•art J. 84 42 51 63 54 33 45 38 45 49 56 58 61 42 28 29 39 
85 26 39 52 46 33 45 54 45 45 53 52 63 52 47 60 66 
86 34 44 51 50 28 41 45 56 21 31 38 43 38 54 53 59 
87 38 48 45 43 44 43 42 32 23 30 33 33 24 26 39 24 
88 27 34 35 45 32 35 36 56 26 31 33 30 10 30 41 42 
89 17 26 28 31 22 39 39 52 24 26 22 32 19 20 35 27 
90 12 15 14 15 26 21 15 42 22 26 22 23 17 33 28 32 
Mean 38 45 51 53 32 37 42 44 39 44 50 _22 33 36 43 45 
TABLE A 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
RESEARCH LABORATORY OF ELECTRONICS 
Technical Report No. 227 January 2, 1952 
1 l l l Table of log2p' p. log2p-and p. log2p + (1-p). log2 !=p" 
f 
Ladislav Dolansky 
Research Laboratory of Electronics 
Marie P. Dolansky 
Boston University 
Abstract 
Expressions of the form 
n 
~ p .. log2~ L_ 1 p. 
i=l 1 
are frequently encountered in information theory, thermodynamics and elsewhere. This 
table contains (a) various components of this expression, and (b) 
n 
~ p .. log2 _!_ for n = 2. L_ 1 p. 
i=l 1 
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1 1 1 • 1 Table of log2p' p. log2p and p. log2p + (1-p). log2 y-:-p 
The following table was constructed to facilitate the computation of expressions 
(frequently occurring in information theory and elsewhere) of the form 
where 
The table contains 
listed against p. 
n 
~ p .. logi. L_ 1 p. 
i=l 1 
n 
~ p. = 1, 0 ~ p. ~ 1. L_ 1 . 1 
i=l 
q=l-p 
log2(1/p) = -log2p 
log2(1/ q) = -log2q 
p. log2(1/p) = -p. log2p 
q. log2(1/q) = -q. log2q· 
p. log2(1/p) + q. log2(l/ q) = -(p. log2p + q. log2q) 
The values are given to six decimal figures (except for p and q); since the roundoff 
correction has not been carried out, some of the entries may be too small by one unit 
in the sixth decimal place. Logarithms to the base two have been used throughout this 
table. If logarithms t<? a different base are desired, the conversion can usually be per-
formed by a single multiplication by a constant at the end of the computation (for proce-
dure and conversion factors see the appendix). 
Figure 1 represents the curve y(p) = p. log2(1/p); when the requirements on accu-
racy are not too high, this curve can be used to obtain the values more quickly. 
-1-
141 
p -1og2p -p.1og2p -(p.1og2p + q.1og2q) -q.1og2q -1og2q q 
. 001 9.965784 . 009965 .011408 . 001442 . 001443 • 999 
2 8.965784 . 017931 20814 2882 2888 . 998. 
3 8.380821 25142 29464 4321 4334 
. 997 
4 7.965784 31863 37622 5759 5782 
. 996 
5 7. 643856 38219 45414 7195 7231 
. 995 
6 7.380821 44284 52915 8630 8682 
. 994 
7 7.158429 50109 60172 . 010063 . 010134 
. 993 
8 6.965784 55726 67221 
- 11495 11588 
. 992 
9 6.795859 6l164 74088 12925 13043 
.991 
10 6.643856 66438 80793 14354 14499 . 990 
ll 6.506352 71569 87352 15782 15957 
. 989 
12 6.380821 76569 93778 17208 17417 • 988 
I 
N p 6.265344 81449 .100082 18632 18878 
. 987 I 
14 6.158429 86218 .106273 20055 20340 
. 986 
15 6.058893 90883 . ll2361 21477 21804 
. 985 
16 5.965784 95452 . ll8350 22897 23270 
. 984 
l7 5.878321 99931 .124247 24316 24736 
. 983 
18 5.795859 .104325 .130059 25733 26205 
. 982 
19 5. 717856 . 108639 .135788 27149 27675 
. 981 
20 5.643856 . 112877 .141440 28563 29146 • 980 
21 5.573466 . ll7042 .147019 29976 30619 • 979 
22 5.506352 . 12ll39 .152527 31387 32093 
.978 
23 5.442222 .125171 .157968 32797 33569 
. 977 
24 5.380821 .129139 .163345 34206 35047 
. 976 
. 025 5.321928 .133048 .168661 . 035613 . 036526 
. 975 
q -log2q -q.log2q -(q.log2q + p.log2p) -p.log2p -log2p p 
p -1og2p -p.1og2p -(p.1og2p + q.1og2q) -q.1og2q -1og2q q 
.026 5.265344 :136898 .173917 . 037018 . 038006 . 974 
27 5.210896 . 140694 .179116 38422 39488 . 973 
28 5.158429 .144436 .184260 39824 40972 . 972 
29 5.107803 .148126 .189352 41225 42457 .971 
30 5.058893 . 151766 .194392 42625 43943 . 970 
31 5. 011588 .155359 .199382 44023 45431 . 969 
32 4.965784 . 158905 .204324 45419 46921 . 96'8 
33 4.921390 . 162405 .209220 46814 48412 . 967 
34 4. 8.78321 . 165862 .214071 48208 49905 . 966 
35 4. 836501 . 169277 .218878 49600 51399 . 965 
·36 4. 795859 . 172650 .223641 50991 52895 . 964 
37 4.756331 .175984 . 228364 52380 54392 . 963 I 
VJ 38 4. 717856 .179278 .233046 53767 55891 • 962 I 
39 4.680382 . 182534 . 237688 55153 57391 . 961 
40 4. 643856 . 185754 .242292 56538 58893 . 960 
41 4.608232 . 188937 • 246858 57921 60397 . 959 
42 4.573467 .192085 .251388 59302 61902 . 958 
43 4.539519 . 195199 . 255882 60682 63409 . 957 
44 4.506352 .198279 . 260340 62061 64917 . 956 
45 4.473931 .201326 . 264765 63438 66427 . 955 
46 4.442222 . 204342 .269156 64813 67939 .954 
47 4.411195 .207326 .273514 66187 69452 . 953 
48 4.380821 .210279 . 277839 67560 70966 .952 
49 4.351074 . 213202 . 282134 68931 72483 . 951 
. 050 4.321928 . 216096 . 286397 . 070300 . 074000 . 950 
q 
-1ogfq -q.1og2q -(q.1og2q + p.log2p) -p.log2p -1og2p p 
,...... 
..p:. 
N 
p -log2p -p.1og2p -(p.1og2p + q.1og2q) -q.1og2q -1og2q q 
. 051 4.293359 . 218961 . 290630 . 071668 • 075520 . 949 
52 4.265344 . 221797 .294833 73035 77041 .948 
53 4.237864 .224606 . 299006 74400 78563 . 947 
54 4.210896 .227388 • 303151 75763 80088 .946 
55 4.184424 . 230143 . 307268 77125 81614 .945 
56 4. 158429 . 232872 . 311357 78485 83141 . "944 
57 4. 132894 . 235574 .315419 79844 84670 . 943 
58 4. 107803 ,238252 .319454 81201 86201 . .942 
59 4.083141 • 240905 .323462 82557 87733 . 941 
60 4.058893 . 243533 .327445 83911 89267 .940 
61 4.035047 .246137 .331402 85264 90803 . 939 
62 4. 011588 . 248718 .335333 86615 92340 . 938 
I 
>!>- 63 3.988504 . 251275 .339240 87964 93879 . 937 I 
64 3.965784 • 253810 .343123 89312 95419 . 936 
65 3.943416 
. 
. 256322 . 346981 90659 96962 . 935 
66 3.921390 . 258811 .350816 92004 98505 . 934 
67 3. 899695 . 261279 .354627 93347 .100051 . 933 
68 3.878321 . 263725 . 358415 94689 .101598 . 932 
69 3. 857260 .266150 .362180 96030 .103147 . 931 
70 3.836501 • 268555 • 365923 97368 . 104697 . 930 
71 3.816037 . 270938 . 369644 .098706 . 106249 . 929 
72 3.795859 . 273301 . 373343 .100041 .107803 . 928 
73 3. 775959 . 275645 . . 377020 . 101375 .109359 .927 
74 3.756331 .277968 . 380676 .102708 . 110916 . 926 
. 075 3.736965 • 280272 • 384311 .104039 . 112475 . 925 
q -1og2q -q.1og2q -(q.1og2q + p.1og2p) -p.1og2p -log2p p 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
• 076 3.717856 . 282557 . 387925 . 105368 .114035 . 924 
77 3.698997 . 284822 .391519 . 106696 . 115597 . 923 :; .·~ 
78 3.680382 . 287069 .395092 . 108023 .117161 .922 
79 3.662003 • 289298 .398646 .109347 .118727 . 921 
80 3. 643856 . 291508 .402179 . 110670 .120294 . 920 
81 3.625934 . 293700 . 405693 .111992 . 121863 . 919 
82 3.608232 . 295875 .409187 . 113312 .123434 . 918 
83 3.590745 . 298031 . 412662 . 114631 .125006 . 917 
84 3.573467 .300171 .416119 . 115948 . 126580 .n6 
85 3.556393 . 302293 . 419556 . 117263 . 128156 . 915 
86 3.539519 . 304398 .422975 . 118577 . 129734 . 914 
87 3.522840 . 306487 . 426376 . 119889 . 131313 . 913 
I 
\}1' 88 3.506352 . 308559 . 429758 . 121199 . l3z'894 . 912 I 
89 3.490051 . 310614 .433123 .12l508 . 134477 . 911 
90 3.473931 . 312653 .436470 .123816 . 136061 .910 
·I' 
91 3.457989 • 314677 . 439799 .125122 . 137648 . 909 •' 
. \~ 
92 3.442222 • 316684 .443110 .126426 .139236 . 908 
93 3.426625 . 318676 .446405 • 127729 .140825 . 907 
94 3.411195 . 320652 .449682 .129030 .142417 .906 
95 3.395928 . 322613 .452942 . 130329 .144010 . 905 
96 3.380821 .324558 .456186 .131627 .145605 . 904 
97 3.365871 .326489 . 459413 .132923 • 147202 . 903 
98 3.351074 . 328405 . 462623 . 134218 . 148800 . 902 
99 3. 336427 • 330306 . 465817 .135511 .150401 . 901 
.100 3.321928 . 332192 . 468995 .136803 . 152003 . 900 
q -1og2q -q.log2q -(q.log2q + p.log2p) -p.log2p -1og2p p ~' 
~ 
~ 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
.101 3.307573 .334064 .472157 . 138092 .153607 . 899 
.102 3.293359 . 335922 .475303 . 139381 .155212 . 898 
. 103 3,279283 . 337766 . 478434 . 140667 . 156820 . 897 
.104 3.265344 . 339595 .481548 .141952 .158429 • 896 
.105 3.251538 . 341411 . 484648 .143236 .160040 . 895 
.106 3.237864 .343213 .487731 .144518 ·.161653 . 894 
. 107 3.224317 . 345001 .490800 . 145798 .163268 . 893 
.108 3.210896 . 346776 .493854 . 147077 . 164884 • 892 
. 109 3.197600 .348538 .496892 .148354 .166502 . 891 
.110 3.184424 . 350286 .499916 . 149629 ·.168123 . 890 
. 111 3. 171368 . . 352021 .502925 . 150903 . 169744 . 889 
.112 3.158429 .353744 .505919 . i52175 .171368 . 888 
I 
0' 
.113 3.145605 .355453 .508899 .153445 . 172994 . 887 I 
.114 3.132894 .357149 . 511864 .154714 .174621 . 886 
. 115 3.120294 .358833 .514815 • 155982 .176250 . 885 
.116 3.107803 . 360505 .517752 . 157247 . 177882 . 884 
.117 3.095419 . 362164 .520675 . 158511 . 179514 . 883 
.118 3.083141 . 363810 .523584 . 159774 .181149 . 882 
.119 3.070966 . 365445 .526479 .161034 . 182786 . 881 
.120 3.058893 . 367067 .529361 . 162293 .184424 . 880 
. 121 3. 046921 . 368677 .532228 . 163551 . 186065 . 879 
. 122 3.035047 .370275 . 535082 • 164807 . 187707 . 878 
. 123 • 3. 023269 . 371862 .537923 .166061 . 189351 • 877 
.124 3.011588 . 373436 . 540750 .167313 .190997 . 876 
. 125 3.000000 .375000 .543564 .168564 .192645 . 875 
q 
-1og2q -q.log2q -(q.log2q + p.1og2p) -p.1og2p -1og2p p 
p -log2p -p.log2p -(p. iog2p + q.log2q) -q.log2q -log2q q 
.126 2.988504 . 376551 • 546365 . 169813 .194295 . 874 
. 127 2. 977099 .378091 .549153 .171061 .195946 . 873 
. 128 2.965784 . 379620 .551927 . 172307 .197600 . 872 
.129 2.954557 . 381137 .554689 . 173551 . 199255 . 871 
• 13 0 2.943416 • 382644 .557438 .174794 • 200912 . 870 
.131 2.932361 . 384139 .560174 .176035 . 202572 . 869 
• 132 2.921390 .385623 .562898 . 177274 .204233 • 868 
. 133 2.910502 .387096 . 565608 .178512 . 205896 . 867 
.134 2.899695 . 388559 . 568307 .179748 . 207561 • 866 
. 135 2.888968 .390010 .570993 . 180982 . 209228 . 865 
.136 2.878321 . 391451 .573666 . 182215 • 210897 . 864 
.137 2.867752 .392882 . 576328 • 183446 .212567 • 863 
I 
-...J 
.138 2. 857260 .394301 I . 578977 • 184675 .214240 • 862 
. 139 2.846843 .395711 .581614 . 185902 . 215915 . 861 
.140 2. 836501 .397110 .584239 . 187128 .217591 . 860 
. 141 2.826233 .398498 .586852 .188353 .• 219270 • 859 
.142 2. 816037 . . 399877 .589453 . 189575 .220950 . 858 
• 143 2.805913 .401245 .592042 .190796 . 222633 .'857 
• 144 2.795859 . 402603 .594619 . 192015 .224317 • 856 
.145 2.785875 . 403951 .597185 .193233 • 226q03 • 855 
.146 2. 775959 .405290 .599739 .194449 .227692 . 854 
.147 2. 766112 .406618 . 602281 .195663 • 229382 . 853 
.148 2. 756331 • 407937 . 604812 . 196875 .231074 • 852 
.149 2.746615 .409245 . 607332 .198086 . 232769 . 851 
. 150 2. 736965 • 410544 • 609840 .199295 • 234465 . 850 
q -1og2q -q.1og2q -(q.1og2q + p.log2p) -p.log2p -log2p p 
~ 
~ 
~ 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2 q q 
. 151 2. 72.7379 . 411834 . 612337 . 200503 .236163 . 849 
.152 2.717856 . 413114 . 614823 . 201708 .237864 . 848 
.153 2.708396 . 4143 84 . 6172.97 . 202912 . 239566 . 847 
.154 2. 698997 .415645 . 619760 • 204115 . 241270 .846 
.155 2.689660 . 416897 . 622212 .205315 . 242977 . 845 
• 156 2.680382 . 418139 . 624654 .206514 .244685 . 844 
. 157 2. 671163 .419372. .627084 .207711 . 246395 . 843 
.158 2.662003 . 420596 • 629503 .208907 .248108 . 842 
.159 ' 2. 652901 .421811 . 631912 . 210100 .249822 . 841 
. 160 2. 643856 . 423017 . 634309 . 211292 .251539 . 840 
. 161 2.634867 . 424213 .636696 . 212483 • 253257 . 839 
. 162 2.625934 . 425401 . 639073 . 213671 .254978 . 838 I 
CXl 
. 163 2.617056 .426580 . 641438 .214858 . 256700 . 837 I 
.164 2.608232 . 427750 . 643793 .216043 • 25 8425 . 836 
. 165 2.599462 . 428911 . 646138 .2172.27 . 260152 . . 835 
• 166 2.590745 . 430063 .648472 .218408 .261881 • 834 
. 167 2.582080 . 431207 . 650796 .219588 • 263611 . 833 
.168 2.573467 . 432342 . 653109 . 220766 . 265344 . 832 
. 169 2.564905 . 433468 . 655412 . 221943 • 267079 . 831 
.170 2.556393 .434586 . 657705 . 223118 . 268817 .- 830 
.171 2.547931 . 435696 . 659987 .224291 . 270556 . 829 
. 172. 2.539519 . 436797 . 662259 • 225462 . 272297 • 828 
.173 2. 531156 .437890 . 664521 . 226631 .274041 . 827 
. 174 2.522841 . 438974 . . 666774 
. 227799 .275786 . 826 
.175 2.514573 . 440050 . 669016 . 228965 • 277534 • 825 
q -1og2q -q.1og2q -(q.1og2q + p.1og2p) -p.1og2p -1og2p p 
p -1og2p -p.1og2p -(p.1og2p + q.1og2q) -q.1og2q -1og2q q 
.176 2.506352 • 441118 . 671248 .230130 .279284 . 824 
.177 2.498178 . 442177 . 673470 . 231292 .281035 . 823 
.178 2.490051 .443229 . 675682 .232453 .282789 . 822 
• 179 2.481968 • 444272 . 677884 . 233612 .284546 . 821 
.180 2.473931 . 445307 . 680077 ',234769 .286304 . 820 
.. 181 2.465938 . 446334 • 682260 • 235925 • 288064 . 819 
• 182 2.457989 . 447354 . 684433 . 237078 .289827 . 818 
. 183 2.450084 . 448365 . 686596 . 238230 . 291592 • 817 
.184 2.442222 .449368 . 688750 .239381 . 293359 • 816 
• 185 2.434403 . 450364 . 690894 . 240529 .295128 . 815 
.186 2.426625 . 451352 . 693028 • 241676 .296899 . 814 
.187 2.418890 . 452332 . 695153 . 242821 .298673 . 813 
I 
-o 
.188 2.411195 . 453304 . 697269 • 243964 .300448 • 812 I . 
• 189 2.403542 . 454269 . 699375 . 245105 .302226 • 811 ,J 
.190 - 2. 395928 .455226 . 701471 .246245 .304006 . 810 
. 191 2.388355 . 456175 .703558 . 247383 . 305788 . 809 'i 
'' 
• 1.92 2.380822 . 457117 . 705636 . 248519 . 307573 . 808 
• 193 2.373327 . 458052 . 707705 .249653 .309359 . 807 '\: 
.194 2. 365871 • 458979 .709764 . 2507 85 • 311148 . 806 
.195 2.358454 . 459898 . 711814 . 251916 .312939 . 805 
. 196 2.351074 .460810 . 713855 .253045 .314732 • 804 
.197 2.343732 .461715 .715887 . 254172 . 316528 . 803 
. 198 2. 336427 • 462612 .7179l0 • 255297 .318326 . 802 
• 199 2.329159 . 463502 .719923 . 25.6421 .320126 . 801 
• 200 2.321928 . 464385 . 721928 .257542 .321928 . 800 
q -1og2q -q.log2q -(q.log2q + p.1og2p) -p.log2p -log2p p 
1--L 
~ 
<n 
p -log2p -p.log2p -(p. log2p + q.log2 q) -q.log2q -log2q q 
. 201 2.314732 . 465261 . 723923 • 258662 .323732 . 799 
.202 2,307573 . 466129 • 725910 . 259780 .325539 • 798 
.203 2.300448 . 466991 . 727887' . 260896 .327348 • 797 
,204 2.293359 . 467845 • 729856 . 262011 .329159 • 796 
.205 2.286304 . 468692 .731816 . 263123 .330973 . 795 
.206 2.279283 . 469532 .733767 • 264234 .332789 . 794 
.207 2.272297 . 470365 • 735709 . 265343 .334607 • 793 
• 208 2.265344 • 471191 . 737642 .266450 .336427 . 792 
. 209 2.258425 . 472010 . 739567 . 267556 .338250 • 791 
. 210 2.251539 . 472823 .741483 . 268659 .340075 . 790 
. 211 2.244685 .473628 .743390 • 269761 . 341903 • 789 
I .212 2.237864 .4744~7 .745288 . 270861 .343732 . 788 
I-' 
0 • 213 2,231074 • 475218 
I 
.747178 .271959 ' . 345564 . 787 
• 214 2.224317 • 476003 • 749059 • 273055 .347399 . 786 
. 215 2.217591 .476782 • 750932 .274150 .349235 . 785 
.216 2.210897 .477553 . 752796 .275242 .351074 • 784 
.217 2.204233 .478318 . 754651 .276333 .352916 • 783 
.218 2. 197600 • 479076 • 756498 . 277422 .354759 • 782 
.219 2. 190997 .479828 . 758337 . 278509 .356605 • 781 
.220 2.184424 . 480573 .760167 • 279594 .358454 . 780 
.221 2. 177881 . 481311 .761989 . 280677 • 360305 • 779 
.222 2.171368 . 482043 • 763802 .281759 .362158 .778 
.223 2.164884 . 482769 . 765607 . 282838 . 364013 . 777 
.224 2.158429 . 483488 .767404 . 283916 .365871 .776 
. 225 2.152003 . 484200 .769193 • 284992 . 367732 .775 
q -1og2q -q.log2q -(q.1og2q + p.1og2p) -p.log2p -log2p p 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
• 226 2. 145605 • 484906 . 770973 . 286066 .369594 .774 
. 227 2.139236 .485606 . 772745 . 287138 .371459 . 773 
.228 2.132894 • 486299 . 774508 • 288208 .373327 . 772 
.229 2.126580 .486986 . 776264 . 289277 • 375197 . 771 
• 230 2.120294 . 487667 . 778011 .290343 • 377069 . 770 
. 231 2. 114035 . 488342 . 779750 . 291408 . 378944 • 769 
.232 2.107803 . 489010 . 781481 • 292471 .380822 • 768 
. 233 2.101598 . 489 672 .783204 . 293532 .382701 . 767 
. 234 2.095419 .490328 .784919 . 294591 . 384583 . 766 
. 235 2.089267 . 490977 .786626 . 295648 .386468 • 765 
.236 2.083141 . 491621 .788325 . 296703 .388355 . 764 
. 237 
I 
2.077041 • 492258 • 790015 . 297757 .390245 . 763 
...... 
. 238- 2.070966 . 492890 • 791698 .298808 .392137 . 762 ...... 
I 
. 239 2.064917 . 493515 .793373 . 299858 . 394031 . 761 
.240 2.058893 . 494134 : 795040 .300906 .395928 . 760 
.241 2. 052895 .494747 .796699 .301951 . 397828 . 759 
.242 2.046921 .495354 . 798350 • 302995 .399730 . 758 
.243 2.040972 .495956 .799993 . 304037 .401635 . 757 
.244 2.035047 . 496551 .801629 . 305077 . 403542 . 756 
.245 2.029146 . 497140 . 803256 .306116 . 405451 • 755 
.246 2.023270 . 497724 . 804876 . 307152 . 407363 . 754 
.247 2.017417 . 498302 . 806488 .308186 .409278 . 753 
• 248 2.011588 . 498873 .808093 .309219 .411195 .752 
.249 2.005782 . 499439 . 809689 .310249 .413115 . 751 
."250 2.000000 .500000 . 811278 . 311278 . 415037 . 750 
q -log2 q -q.log2q -( q. 1og2 q + p. 1og2p) -p.log2p -1og2p p ~ 
~ 
0) 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
• 251 1.994240 • 500554 • 812859 . 312305 .416962 . 749 
.252 1.988504 .501103 • 814432 .313329 . 418890 .748 
. 253 1. 982790 • 501646 . 815998 .314352 .420820 . 747 
. 254 1.977099 ·.502183 .817556 . 315373 .422752 .746 
.255 1.971431 .502714 .819107 .316392 • 424687 • 745 
• 256 l. 965784 .503240 • 820650 .317409 . 42662.!) .744 
. 257 1. 960159 • 503761 • 822185 .318424 .428566 . 743 
. 258 1.954557 • 504275 . 823713 .319437 . 430509 • 742 
.259 1.948976 .504784 • 825233 .320449 .432454 . 741 
• 260 1. 943416 .505288 .826746 ,321458 . 434403 .740 
• 261 1.937878 • 505786 . 828251 . 322465 .436354 • 739 
I .262 1.932361 .506278 . 829749 .323470 • 438307 . 738 
...... 
• 263 1. 926865 • 506765 • 440263 N .831240 .324474 • 737 I 
. 264 1. 921390 .507247 . 832722 .325475 .442222 . 736 
. 265 1. 915935 . 507723 . 834198 .326475 . 444184 • 735 
.266 1. 910502 . 508193 . 835666 . 327472 . 446148 . 734 
. 267 1.905088 . 508658 . 837127 .328468 . 448115 • 733 
. 268 l. 899695 .509118 . 838580 . 329462 .450084 • 732 
• 269 1.894322 . 509572 . 840026 .330453 • 452056 • 731 
.270 1.888968 .510021 .841464 . 331443 . 454031 • 730 
• 271 1. 883 635 .510465 . 842896 .332430 • 456009 .729 
. 272 1. 878321 .510903 .844320 • 333416 . 457989 .728 
. 273 1.873027 • 511336 . 845736 .334400 • 459973 • 727 
• 274 1.867752 . 511764 . 847146 . 335382 • 461958 .726 
. 275 1. 862496 .512186 • 848548 . 336361 • 463947 . 725 
q -log2q -q.log2q -(q.log2q + p.1og2p) -p.log2p -log2p p 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
. 276 1. 857260 . 512603 .849943 . 337339 .465938 . 724 
• 277 1. 852042 .513015 . 851331 . 338315 .467932 . 723 
. 278 1. 846843 .513422 .852711 . 339289 . 469929 . 722 
. 279 1. 841663 . 513824 . 854084 .340260 .471929 . 721 
.280 1. 836501 . 514220 .855451 .341230 . 473931 .720 
. 281 1.831358 . 514611 . 856810 .342198 . 475936 . 719 
. 282 1.826233 . 514997 . 858161 .343164 . 477944 . 718 
. 283 1. 821126 .515378 . 859506 .344127 .479955 . 717 
.284 1. 816037 .515754 .860844 .345089 .481968 . 716 
. 285 1. 810966 . 516125 . 862174 . 346049 .483985 . 715 
. 286 1.805913 . 516491 . 863498 .347007 . 486004 . 714 
. 287 1.800877 . 516851 . 864814 .347962 .488026 . 713 
I I 
1-' 
. 288 1. 795859 . 517207 . 866123 .348916 .490051 .712 t.N 
I 
1. 790858 . 867426 .349868 . 289 .517558 .492078 . 711 
. 290 1. 785875 . 517903 . 868721 . 350817 .. 494109 . 710 
. 291 1.780909 .518244 .870009 . 351765 .496142 . 709 
. 292 1. 775959 . 518580 .871291 .352710 .498179 . 708 
. 293 l. 771027 .518911 . 8725 65 .353654 .500218 . 707 
. 294 l. 766112 .519236 . 873832 .354595 .502260 . 706 
. 295 l. 761213 .519557 . 875093 .355535 .504305 . 705 
.296 1. 756331 . 519874 . 876346 . 356472 . 506352· . 704 
, . 297 l. 751465 . 520185 . 877593 .357407 .508403 . 703 
. 298 1. 746616 . 520491 . 878832 .358341 .510457 . 702 
. 299 1. 741782 . 520793 . 880065 . 359272 . 512513 . 701 
.300 1. 736965 . 521089 . 881291 . 360201 . 514573 . 700 
q -log2 q -q.log2q -( q.log2q + p.log2p) -p.log2p -log2p p ~ 
~. 
-.J 
p -log2p -p.log2p -(p.1og2p + q. 1og2q) -q.1og2q -1og2q q 
• 301 l. 732164 .521381 • 882510 . 361128 .516635 . 699 
. 302 1.727379 . 521668 . 883722 . 362053 .518701 . 698 
.. 303 l. 722610 .521950 • 884927 . 362976 . 520769 . 697 
.304 l. 717857 . 522228 . 886125 . 363897 .522841 . 696 
. 305 l. 713119 . 522501 . 887317 . 364816 .524915 . 695 
.306 1. 708396 . 522769 . 888502 . 365732 . 526992 • 694 
. 307 1. 703689 . 523032 .. 889680 • 366647 .529073 . 693 
.308 1. 698997 . 523291 .890851 . 367560 . 531156 . 692 
. 309 1. 694321 . 523545 . 892016 • 368470 .533242 . 691 
. 310 1. 689660 .523794 .893173 . 369379 .535332 . 690 
. 311 1. 685013 . 524039 . 894324 • 370285 .537424 • 689 
. 312 1.680382 .524279 . 895468 . 371189 .539519 . 688 I \ 
,_. 
• 313 1. 675765 . 524514 .896606 • 372091 .541618 • 687 
""' 
I 
• 314 1.67ll63 • 524745 . 897737 . 372991 .543719 . 686 
. 315 1. 666576 . 524971 . 898861 . 373889 . 545824 . 685 
. 316 l. 662003 .525193 . 899978 . 374785 . 54793,2 . 684 
. 317 l. 657445 . 525410 • 901089 • 375679 . 550042 . 683 
• 318 1. 652901 • 525622 .902193 . 376570 .552156 . 682 
. 319 l. 648371 . 525830 .903290 . 377460 .554273 . 681 
.320 1.643856 . 526034 .904381 .378347 . 556393 . 680 
. 321 l. 639355 . 526232 .905465 . 379232 . 558516 • 679 
• 322 l. 634867 .526427 . 906543 .380ll6 . 560643 . 678 
• 323 l. 630394 . 526617 ' • 907614 .380997 . 562772 . 677 
.324 l. 625934 . 526802 .908678 • 381875 . 564905 • 676 
• 325 l. 621488 . 526983 • 909736 • 382752 .567040 . 675 
q -1og2 q -q.log2q -(q.log2q + p.1og2p) -p.log2p -1og2p p 
p -1og2p -p.1og2p -(p.1og2p + q.1og2q) -q.1og2q -1og2q q 
. 326 l. 617056 . 527160 . 910787 .383627 . 569179 . 674 
I 
. 327 l. 612637 . 527332 .911832 . 384499 . 571321 . 673 
. 328 l. 608232 . 527500 . 912870 . 385369 . 573467 . 672 
. 329 l. 603840 . 527663 . 913901 . 386238 . 575615 . 671 
. 330 1.599462 . 527822 . 914926 .387104 . 577767 . 670 
. 331 l. 595097 . 527977 .915945 . 387967 . 579922 . 669 
. 332 l. 590745 . 528127 .916956 . 388829 . 582080 . 668 . 
. 333 l. 586406 . 528273 . 917962 . 389689 . 584241 . 667 
.334 l. 582080 . 528414 . 918961 .390546 .586406 . 666 
. 335 l. 577767 . 528552 .919953 .391401 . 588574 . 665 
. 336 l. 573467 . 528684 . 920939 .392254 . 590745 . 664 
. 337 l. 569179 .528813 . 921919 . 393105 .592919 . 663 
I 
..... 
\J1 
. 338 1.564905 . 528937 . 922892 . 393954 . 595097 . 662 
I 
. 339 l. 560643 . 529058. .923858 . 394800 . 597278 . 661 
. 340 l. 556393 . 529173 . 924818 . 395645 . 599462 . 660 
. 341 l. 552156 . 529285 . 925772 . 396487 .601649 . 659 
. 342 l. 547932 . 529392 . 926719 . 397327 . 603840 ·. 658 
. 343 l. 543719 . 529495 .927660 .398165 . 606035 . 657 
. 344 l. 539519 . 529594 . 928595 . 399000 . 608232 . 656 
. 345 l. 535331 . 529689 . 929523 .399833 . 610433 . 655 
. 346 l. 531156 . 529780 .930445 . 400665 .612637 . 654 
. 
. 347 1.526992 . 529866 . 931360 . 401494 . 614845 . 653 
. 348 1.522841 . 529948 . 932269 . 402320 . 617056 . 652 
. 349 l. 518701 . 530026 . 933172 . 403145 • 619270 . 651 
. 350 1.514573 .530100 • 934068 .403967 . 621488 . 650 
q -log2q -q.1og2 q -(q.1og2q + p.log2p) -p.log2p -1og2p p ~ 
·~ 
cP 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
. 351 1.510457 .530170 .934958 . 404787 • 623709 . 649 
. 352 l. 506352 .530236 .935841 . 405605 . 625934 . 648 
. 353 1.502260 • 530297 • 936719 . 406421 . 628162 . 647 
.354 l. 498178 . 530355 .937590 . 407234 . 630394 . 646 
. 
. 355 1. 494109 . 530408 .938454 .408045 . 632629 . 645 
. 356 l. 490051 .530458 .939312 .408854 . 634867 . 644 
.357 1. 486004 . 530503 .940165 . 409661 • 637109 . 643 
. 358 1.481968 . 530544 . 941010 .410465 . 639355 . 642 
• 359 1.477944 . 530582 . 941850 . 411268 . 641604 . 641 
• 360 1. 473931 . 530615 . 942683 . 412068 . 643856 . 640 
. 361 l. 469929 . 530644 .943510 . 412865 . 646ll2 . 639 
. 362 l. 465938 . 530669 .944331 .413661 . 648371 . 638 
I 
..... 
. 363 1. 461958 . 530691 .945145 .414454 • 650634 . 637 
"' I 
. 364 1. 457989 . 530708 .945953 . 415245 . 652901 . 636 
. 365 1. 454031 . 530721 . 946755 . 416034 . 655171 . 635 
.366 l. 450084 . 530731 .947551 . 416820 . 657445 . 634 
. 367 1. 446148 . 530736 .948341 .417604 . 659722 . 633 
. 368 1. 442222 . 530737 .949124 .418386 . 662003 . 632 
• 369 1. 438307 . 530735 .949901 . 419165 . 664288 . 631 
.370 1. 434403 . 530729 . 950672 . 419943 . 666576 . 630 
. 371 1. 430509 • 530718 .951437 .420718 . 668868 . 629 
. 372 l. 426625 . 530704 .952195 • 421490 . 671163 . 628 
• 373 l. 422752 .530686 . 952948 • 422261 . 673462 . 627 
. 374 1.418890 . 530664 .953694 • 423029 . 675765 . 626 
. 375 1. 415037 . 530639 .954434 .423795 . 678072 . 625 
q -1og2q -q.1og2q -(q.1og2q + p.1og2p) -p.1og2p -log2p p 
p -1og2p -p.1og2p -(p.1og2p + q.1og2q) -q.1og2q -1og2q q 
.376 1.411195 • 530609 .955168 . 424558 .680382' . 624 
. 377 l. 407363 .530576 .955895 .425319 . 682696 . 623 
.378 1. 403542 .530538 .956617· .426078 . 685013 . 622 
• 
. 426835 • 687335 . 621 .379 l. 399730 .530497 .957332 
. 380 l. 395928 .530452 .958042 . 427589 . 689660 . 620 
. 381 1. 392137 . 530404 .958745 . 428341 ' . 691988 . 619 
. 382 1.388355 . 530351 .959442 .429090 . 694321 . 618 
.383 l. 384583 . 530295 . 960133 .429837 . 696657 . 617 
.384 l. 380822 . 530235 .960818 • 430582 . 698998 . 616 
. 385 1. 377069 .530171 . 961497 . 431325 . 701341 . 615 
.386 L 373327 .530104 . 962169 . 432065 .703689 • 614 
I .387 1.369594 . 530033 .962836 . 432803 . 706041 . 613 
...... l. 365871 . 529958 .963497 . 433538 . 708396 . 612 -.J . 388 
I 
. 389 l. 362158 . 529879 . 964151 . 434271 .710755 . 611 
.. 390 l. 358454 . 529797 . 964799 .435002 .713119 . 610 
. 391 l. 354759 • 529711 .965442 . 435731 . 715486 . 609 
. 392 L 351074 • 529621 . 966078 . 436457 . 717857 . 608 
.393 l. 347399 . 529527 .966708 .437180 . 720231 . 607 
.394 l. 343732 . 529430 .967332 .437902 . 722610 . 606 
. 395 l. 340075 .529329 .967950 . 438620 . 724993 . 605 
. 396 l. 336427 . 529225 . 968562 . 439337 . 727379 . 604 
. 397 1.332789 .529117 • 969168 . 440051 . 729770 . 603 
. 398 l. 329159 . 529005 . 969768 . 440763 . 732164 . 602 
. 399 l. 325539 .528890 .970362 . 441472 . 7345 63 . 601 
• 400 l. 321928 . 528771 . 970950 . 442179 . 736965 . 600 
q -1og2q -q.1og2q -(q. 1og.2q + p.1og2p) -p.1og2p -1og2p p 
~ 
_p,. 
CD 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
. 401 l. 318326 . 528648 .971532 .442884 . 739372 . 599 
.402 l. 314732 . 528522 . 972108 .443586 . 741782 .598 
. 403 l. 311148 . 528392 . 972678 . 444285 . 744197 . 597 
.404 l. 307573 . 528259 . 973242 . 444983 .746616 .596 
. 405 1.304006 .528122 .973800 .445678 .749038 . 595 
.406 1.300448 .527982 .974352 .446370 .751465 .594 
. 407 l. 296899 . 527838 .974898 .447060 . 753896 . 593 
.408 l. 293359 . 527690 .975438 .447748 . 756331 . 592 
. 409 1.289827 . 527539 . 975972 .. 448433 . 758770 . 591 
. 410 l. 286304 . 527384 . 976500 • 449115 . 761213 . 590 
.411 l. 282789 . 527226 . 977022 . 449796 . 763660 . 589 
. 412 l. 279284 . 527065 . 977538 . 450473 .766112 . 588 
I 
...... 
.413 l. 275786 . 526899 .978049 . 45l 149 . 768567 . 587 00 
I 
.414 l. 272297 . 526731 . 978553 .451822 . 771027 . 586 
. 415 l. 268817 . 526559 .979051 .452492 . 773491 . 585 
. 416 1.265344 . 526383 • 979544 . 453160 . 775960 .584 
.417 1.261880 . 526204 .980030 .453826 . 778432 • 583 
.418 l. 258425 .526021 .980510 . 454489 . 780909 . 582 
. 419 l. 254978 . 525835 .980985 .455149 . 783390 . 581 
. 420 1.251539 .525646 .981454 .455807 • 785875 . 580 
.421 l. 248108 .525453 .981916 . 456463 .788365 . 579 
.422 1.244685 . 525257 . 982373 • 457116 . 790858 .578 
. 423 l. 241270 . 525057 .982824 . 457767 • 793357 . 577 
.424 l. 237864 . 524854 . 983269 . 458415 .795859 • 576 
• 425 1.234465 .524647 .983708 . 459060 .798366 . 575 
q -log2q -q.1og2q -(q.log2q + p.log2p) -p.log2p -log2p p 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
.426 1.231074 . 524437 .984141 . 459703 . 800877 .574 
. 427 l. 227692 .524224 .984568 . 460344 . 803393 . 573 
.428 1.224317 • 524007 .984990 .460982 . 805913 . 572 
.429 1.220950 . 523787 .985405 .461617 . 808437 . 571 
• 430 l. 217591 • 523564 .985815 . 462250 .810966 . 570 
.431 I. 214240 • 523337 .986218 • 462881 .813499 . 569 
.432 l. 210897 . 523107 .986616 .463509 . 816037 . 568 
. 433 l. 207561 . 522874 .987008 . 464134 . 818579 . 567 
.434 l. 204233 . 522637 .987394 . 464757 . 821126 .566 
. 435 1.200912 . 522397 . 987774 . 465377 . 823677 • 565 
.436 1.197600 .522153 . 988149 . 465995 . 826233 . 564 
I . 437 1.194295 . 521906 .988517 .466610 . 828793 . 563 
..... 
..0 
I 
.438 1.190997 . 521656 .988880 . 467223 . 831358 • 562 
.439 1. 187707 . 521403 .989236 . 467833 . 833927 . 561 
.440 1.184424 . 521146 . 989587 .468440 . 836501 . 560 
. 441 1.181149 .520887 .989932 .469045 . 839080 . 559 
.442 l. 177881 . 520623 .990271 . 469648 . 841663 .558 
.443 1.174621 . 520357 .990605 . 470247 • 844251 . 557 
.444 1. 171368 .520087 . 990932 . 470844 . 846843 .556 
.445 l. 168123 . 519814 .991254 .471439 .849440 . 555 
.446 1.164884 .519538 .. .991570 . 472031 . 852042 .554 
.447 1.161653 • 519259 .991879 .472620 . 854648 . 553 
.448 l. 158429 . 518976 .992184 . 473207 . 857260 . 552 
.449 l. 155212 .518690 . 992482 . 473791 . 859876 .551 
.450 l. 152003 . 518401 • 992774 . 474373 • 862496 .550 
q -log2q -q.1og2q -(q.1og2q + p.log2p) -p.log2p -log2p p ~ 
CJ'1 
0 
p -log2p -p.log2p -(p. log2p + q.log2q) -q.log2q -log2q q 
. 451 l. 148800 . 518109 • 993061 .474952 . 865122 . 549 
.452 l. 145605 .517813 . 993342 • 475528 . 867752 .548 
. 453 1.142417 .517515 .993617 . 476101 . 870387 .547 
.454 l. 139236 .517213 .993886 .476672 • 873027 .546 
. 455 l. 136061 . 516908 .994149 . 477241 . 875672 .545 
.456 1.132894 . 516599 .994406 . 477807 . 878321 .544 
.457 1.129734 . 516288 . 994658 . 478370 • 880976 • 543 
. 458 1.126580 .515973 .994904 .478930 • 883635 .542 
. 459 1.123434 . 515656 .995144 . 479488 . 886299 .541 
. 460 l. 120294 .515335 .995378 .480043 . 888968 .540 
. 461 l. 117161 . 515011 .995607 . 480595 • 891643 • 539 
::~ 
-·· 
.462 l. 114035 . 514684 .995829 . 481145 . 894322 . 538 I 
N .-
. 463 1.110916 .996046 . 481692 • 897006 0 .514354 .537 
I ,. 
. 464 l. 107803 . 514020 • 996257 .482236 . 899695 . 536 
. 465 l. 104697 . 513684 .996462 . 482778 . 902389 . 535 
. 466 1. 101598 . 513344 .996662 . 483317 .905088 .534 
. 467 1. 098505 • 513002 .996855 .483853 . 907792 . 533 
. 468 1. 095419 . 512656 .997043 . 484387 . 910502 . 532 
. 469 1. 092340 . 512307 . 997225 . 484917 .913216 . 531 
.470 1. 089267 .511955 . 997401 . 485446 . 915936 .530 
. 471 J. 086201 .511600 . 997572 . 485971 . 918660 . 529 
.472 1. 083141 . 511242 . 997736 . 486494 . 921390 .528 
.473 1. 080088 .510881 .997895 . 487014 .924125 .527 
.474 1. 077041 . 510517 .998048 .487531 . 926865 .526 
.475 l. 074000 .510150 .998196 . 488045 .929610 . 525 
q -log2q -q.log2q -(q.1og2q + p.1og2p) -p.log2p -1og2p p 
p -log2p -p.log2p -(p.log2p + q.log2q) -q.log2q -log2q q 
\ 
.476 l. 070966 . 509780 . 998337 .488557 . 932361 .524 
.477 1.067939 .509406 . 9984 73 .489066 .935117 . 523 
.478 1. 064917 . 509030 . 998603 . 489572 . 937878 .522 
. 479 1. 061902 . 508651 . 998727 .490076 .940644 . 521 
. 480 l. 058893 . 508269 .998845 .490576 . 943416 .520 
. 481 1. 055891 . 507883 .998958 .491074 • 946193 • 519 
. 482 1.052895 . 507495 .999065 .491569 .948976 . 518 
. 483 I. 049905 .507104 .999166 . 492062 . 95p64 . 517 
.484 1. 046921 . 506709 . 999261 .492551 . 954557 .516 
. 485 1.043943 . 506312 . 999350 . 493038 . 957355 . 515 
\~ b 
. 486 1.040972 . 505912 .999434 .493522 .960159 .514 I P"' , 0 (J 
. 962969 0 C" . 487 1.038006 . 505509 . 999512 . 494003 . 513 
I f-IC 
N t"" 0 
. 488 1. 035047 .505103 . 999584 . 494481 . 965784 . 512 ...... ...... ~~ 
I v·.....,-
'1 ·-
. 489 1.032093 . 504693 .999651 .494957 . 968605 .-511 11'1 tl<' ·-
'1 P· ,... 
-< g ~ .490 1.029146 • 504281 . 999711 . 495429 .971431 . 510 
Ill t· 
~· 
..... 
. 491 1. 026205 . 503866 .999766 .495899 . 974262 . 509 
s 
. 492 1. 023270 .503448 .999815 .496366 . 977099 . 508 
. 493 1. 020340 . 503027 .999858 . 496830 .979942 • 507 
.494 1.017417 . 502604 .999896 . 497292 . 982790 .506 
. 495 1. 014499 . 502177 . 999928 . 497750 .985644 . 505 
. 496 1. 011588 . 501747 .999954 .498206 . 988504 . 504 
. 497 1. 008682 . 501315 .999974 .498659 . 991369 . 503 
.498 1.005782 .500879 . 999988 .499108 .994240 . 502 
. 499 1. 002888 . 500441 . 999997 .499556 .997117 . 501 
• 500 1.000000 . 500000 1.000000 .500000 1.000000 . 500 
q -log2q -q.log2q -(q.log2q + p.log2p) -p.·log2p -log2p p 
~ 
· Ul 
~ 
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Appendix 
It follows from the definition of logarithms that 
1 1 1 
1 log2 p loge-p log10 p 
-=2 =e =10 p 
1 1 log2-. log 2 = log p e ep 
1 
1 _ logep 1 
log2 p-- log 2 - 0. 6931471805 
e 
1000 
loge 1 OOOp 
1 . 1 \1 
log2p= 0. 6931471805 ~oge100~ - loge(lOOOp~ 
The values for log2(1/p) and log2(l/q) have been computed by means of Eq. 4. 
( 1) 
(2) 
(3) 
(4) 
If it is desired to work with logarithms to the base e, Eq. 2 shows that the values 
can be converted to the new system by multiplying by 
log 2 = 0. 693147805 ... 
e 
Similarly, if a conversion to logarithms to the base 10 is desired, one should multiply 
the table values by 
log102 = 0. 30102999566 ... 
In general, to convert to logarithms to the base n, one multiplies by logn2. 
152. 
In expressions of the formLp. log(l/p) every term should be multiplied by the same 
constant; therefore the conversion can be conveniently performed after the summation, 
thus reducing the task to a single multiplication. 
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TABLE l3 
154 
Table B. Item Analysis Table Giving Subtest and Item Number, 
Category Placement, Per Oent Correct, and the Three 
Weights of Each Item of the E. H. s. o, Batte~y. 
a Per Test Item a> Cent WA WB wa 
.p Correct a:s 
0 
I. 1.a -82 0.29 .0.69 1.05 
2.b 59 0.75 0,97 1.63 
3.b 58 0.78 0.98 1.90 
4.a 44 1,19 0.99 1.71 
5.a 48 1.05 1.oo 1.97 
6.b 53 0.92 1.00 2,05 
7,b 32 1.64 0,91 2.18 
e.a 27 1,89 o.e4 2,26 
9,a 44 1.17 0.99 2.17 
10,b 37 1.42 0,95 2.21 
11.b 39 1.35 0.96 2.28 
12.a 42 1.26 0.98 2.08 
13.b 42 1,26 0.98 2.12 
14.b 28 l.B2 o.ea 2.28 
15.a 29 1.81 0,86 2,31 
l6.b 21 2.26 0.'14 2.28 
l7.a 22 2.17 0,76 2.19 
l8,a 15 2.'12 0.61 2.20 
l9.a 15 2.72 0.61 2.21 
20.b 13 2,93 0,56 1,97 
21.a 7? 0,38 0,78 1.24 
22.b 82 0,29 0,69 1.06 
23.a 53 0.91 1.00 2.03 
24.a 41 1.30 0,97 2.19 
25.a 40 1.33 0.9? 2.30 
26,b 39 1.36 0.96 2.32 
27.b 35 1.54 0.93 2.25 
28.b 39 1.36 0,95- 2.24 
29.b 81 0.30 0.70 0.99 
30.b 48 1.05 ·1.00 2.03 
31.a 54 0.90 1.00 1.95 
32.b 45 1.16 0,99 1.95 
33.b 47 1.10 1.00 2.17 
34.a 39 1.35 0.97 2.32 
35.a. 32 1.64 0.91 2.40 
36.a. 87 0,21 0.57 0,76 
)aontinued on next page) 
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Table B. (continued) 
~ Per 
Test Item :;> Cent WB wa 
..p Oor+>eot GJ 
0 
r. 37.b 36 1.51 0.93 2,18 
58, a 62 0,69 0.96 1.65 
39,a 34 1.56 0.92 2.38 
40.a 31 1.71 0,88 2.34 
41.b 24 2.08 0,79 2,38 
42.b 23 2.15 0.77 2.32 
43.b li 2 .. 69 0.62 2.33 
44.b 55 0.85 0.99 1.95 
45.a 59 0,?6 0.98' 1.81 
46.b 45 1.14 0,99 2.10 
47.b 19 2.41 6.70 2.01 
4B.a 13 2.94 0.56 1.93 
49.a 13 2.94 0.56 1.93 
50.a 54 0,90 1.00 1,92 
5l,b 30 1.72 0.89 2.29 
52.b 10 3,27 0,48 2.23 
53.b 17 2.59 0.65 2.27 
54.a. 13 2.94 0,56 2.34 
55.a 16 2,66 0.63 2.11 
56,a 10 3.28 0,48' 2.03 
5'1.b 27 1,8'1 0.85 2.28 
58,b 13 2.94 0,56 2.27 
59,a 26 1.92 o.aB 2.40 
60,a 21 2.23 0.74 2.34 
6l.tb 18 2,45 0,69 2.32 
62,b 17 2.54 0;,66 2.26 
&3.a 10 3,28 0,48 2,29 
64.a 18 2.45 0.69 2.18 
65,a 13 2.93 0,56 2.30 
66,b 11 3.22 0,49 2.16 
II. 
1.a -90 o.i5 0.47 0.71 
2.b 67 0,57 0.91 1.52 
3.b 65 0.63 0.94 1.65 
4.b 51 0.96 1.00 1.66 
5.a 40 1.34 0,97 2.13 
6.b 51 0,96 1.00 2.11 
(continued on next page) 
Table B. (continued) 
i Per. Test Item01 Cent' W'A wo 
. ..,:. Correct a:J 
0 
II. 7.a 27 1.92 0.83 2.3; 
a. a 23 2.14 0.77 1.97 
9.b 28. 1,86 0.85 1.8) 
10.b 44 1.17 0.99 2.2? 
11.a 50 1.01 1 .. 00 2.ll 
12.a 30 1.76 o.ss :.2;'35 
13.a 26• 1.96 0.82 2.4? 
14.a 29 1.79 o.s7 2.42 
15.b 29 l.Sl o.as 2.27 
l6.b 29 1.81 o.a5 2.45 
17.a 45 1.16 0.99 2.22 
18.b 52 0.93 1.00 2.07 
19.b 26 1.96. 0.82. 2.53 
20.b 43 1.22 0•99 1.86 
21.a 45 1.14 0,99 .2.18 
22.b 08 3.63 0.41 2.29 
23.a fS2h '~ 0.92 1.00 2.03 
24.a 35 1.:52 Oa93 2.37 
26.b 49 1,03 1.00 2.00 
26.b 67 0,58 o;92 1.59 
27.a 59 0.76 0,98 1.79 
2S.a 53 0.91 1.oo 1.82 
29.b. 37 1.43 0.95 2.19 
30.a 36 1.47 0.94 2.40 
31.a 61 0.72 0.97 1.86 
32.a 42 1.27 0.98 2.22 
53.a 57 o.ao 0•98 1.91 
34.b 39 1.35 0.9? 2.36 
35.b 88 0.18 0.53 0.79 
36.b 68 0.55 0.90. 1.60 
37.a 38 1.39 0,96 2.26 
38.b 42 1.24 0,98 2.19 
39tb 80 0.33 0.'13 1.04 
40•a 22 2.16 o.77 2.35 
41.a 17 2.53 0.66 2.04 
42.b 16 2.65 0.63 2.33 
43.b 78 0.56 0.76 1.21 
44.a 63 0,6? .· 0.95 1.52 
(continued on next page) 
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Tabl13 B. (continued) 
't>. 
F-4 Per 0 
Test Item~ Cent WA WB wo 
.p Correot 
aJ 
II ..• 45.b 50 1.01 1.00 1.89 
46.a 45 1.15 0.99 1.92 
47.a 40 1.31 0.97 2.16 
48•a 56 o.86 · 0.99 1.96 
49.a 23 2.10 0.78 2.50 
50.b ?0 0.50 o.es 1.50 
. 51. b 26 1.96 0.82 2.07 
52. a 64 0.65 0.94 1.6? 
53.a 81 0.30 0.69 1.08 
54.a· 74 0.43 0.82 1.34 
55.b 54 o.se 0.99 1.81 
56.b 74 0.43 o•e3 1.39 
57.a 74 0.44 0.83 1.31 
58.b 36 1.46 0.95 2.22 
59.b 37 1.44 0.95 2•14 
60.a 76 0.40 o.ao 1.30 
61.b 49 1.04 1.oo 2.11 
62.b 73 0.45 0.84 1.27 
63.b 48 iLt05 1.00 1.89 
64.a 39 1.36 0.96 2~·01 
65.b 40 1.31 0.97 2.00 
66.a - 33 1.62 0.91 2.18 
67.a 14 2.83 0.58 2.26 
68.b 40 1.33 0.97 2.06 
69.a 24 2.08 0.'79 2.41 
70.b 35 1•50 0.94 2.17 
III. 
1.a 80 0.32 o.72 1.02 
2.b 83 0.28 0•67 0.95 
3.a 70 0.51 o.ss 1.46 
4.b 63 0.66 0.95 1.66 
5.a 61 0•71 0.96 1.38 
s.a 49 1.04 1.oo 2.03 
7.a 52 0.95 1.oo 2.04 
a.b 28 1.84 0~86 2.03 
9.a 23 2.15 0.77 2.31 
(continued on next page} 
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Table B. (continued) 
0 Per 
Test Item ~ Cent WA WO 
.p Correot GS 
0 
III. 10.b 22 2.19 0,?6 2.1?. 
1l.b 60 0.74 o.9? 1.88 
l2.a 6? 0.59 0.92. 1.55 
15.a ?4 0.43 o.s2 1.41 
14.b 46 1.11 :.1~00 2.16 
15.b 64 0.63 0.94 1.66 
16.b 61 0.71 0.96 1.68 
1?.a 58 0.79 0.98 1.86 
lB.a 25 1.98 0.82 2.45 
l9.b 34 . 1.55 0;.:93.; 2.21 
20.b 45 1.15 0.99 2.01 
21.a 69 0.55 0.90 1.62 
22.b 85 0.24 0.61 o.aa 
23.a 72. 0.46 o.sa 1.48 
24.b 75 0.46 0.85 1.31 
25.a 52 0.94 1.00 1.93 
26.b 56 0.84 0.99 1.88 
27.a 35 1.50 0.94 2.29 
2B.b 52 0.94 1.oo 2.02 
29.a 47 1.09 1.oo 2.06 
30.b 25 2.03 o.eo 2.22 
31.b 81 0.31 0.70 1.01 
32.b 55 0.85 0,99 1.80 
33.a 68 0.55 0.90 1.57 
34.a 48 1.07 i.oo 2.02 
35.a 40 1.34 0,97 1.70 
36.a 39 1.38 0.96 1.83 
37.a 40 1.31 0~97 2.12 
38.a 26 1.95 0.83 2.14 
39.b 19 2.37 0,71 2.02 
40.a 82 0.29 o.e9 0,98 
4l.b 53 0.93 1.oo 1.85 
42.a 60 0.73 0.9? 1.73 
43.a 35 1.51 0.93 2.33 
44.b 22 2.16 0.77 2.13 
45.a go 0.16 0.48 0,66 
46.a 49 1.03 1.oo 2.15 
47.a 56 0,83 0.99 1,36 
(continued on next page) 
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Table B. {continued). 
~ Per Item~ Test Oent VIA WB wa 
~ Correct 
0 
III. 48.b 42 .1.26 0.98 2.09 
49.a 54 0.89 1.00 1.90 
50.b 2? 1.88 0.84 2.51 
5l.a 43 . 1.20 0.99 2.25 
52.b 32 1.64 0.90 2.36 
53.a 36 1.47 0.94 2,36 
54.b 19 2,38 o.?1 2.54 
55.b 18 2.44 0•69 2.31 
56.a 46 1.14 1~00 2.11 
57.b 12- 3,07 0.53 2.16 
58.b 71 0.49 0,8? 1.51 
59.a 71 Oa49 0,8'7. 1.52 
eo.b 63 0,66 0,96 1.'74 
61.a o9 0.54 0.90 1.61 
62.b 28 1.83 o.as 2 .. 50 
63,b 56 0.84 0~-99 1.96 
64.a 23 2.10 0.78 2.41 
ss.a 32 1.63 0.91 2.43 
66.b 20 2.31 ·o· '72*· 2.30 
67.a 13 2.99 0.55 2.45 
68.b 11 3.15 0.51 2.23 
69.b 67 0.58 0.92 1.67 
70.b 50. 1.00 1.00 2.10 
71.e. 43 1.23 0.98 2.26 
72.b 38 1.40 0.95 2.30 
73.a 53 0.92 1.oo 2.04 
74.b 39 1.37 0.96 2.11 
?5.a 17 2.60 0.65 2.20 
76.b 22 2.18 0.76 2.48 
77.a 25 2.00 o.e1 2.45 
78.b 13 2.92 o.se 2.40 
79.a 20 2.30 0,73 2.45 
SO,b 37 1.45 0•95 2.29 
81.b 35 1.53 0.93 1.93 
82.a 27 1.90 o.a4 2.51 
83.a 18 2.50 o.67 2.04 
84.b 49 1.02 1.00 2.10 
85.a 26 ·1.93 0.83 2.32 
86.b 43 1.20 0.99 2.26 
(continued on next page) 
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Table B •. (continued) 
-·-f.t Per fo Test Item a> Cent WA WO 
.p Correct ttl 
0 
III, 87-.b 30 1.74 o.se 2.42 
ee.b 33 1.62 0.91 -2.45· 
89.a 17 2.58 0.65 2.45 
eo. a 17 2.56 o.aa 2.43 
rv.a 
- 1.a 66 U0~·60 0.93 1.07 
2.a 93 o.u 0.38 0.52 
3.b 21 2.27 0.7~ 1.37. 
4.a 93 0.11 0.38,- 0.50 
5.a 74 0.44 0.83 1.07 
a.b 81 0.31 o.7o 0.95 
7.b 63 0.27 0.66 ~io·•9l 
B.b 49 1·.04 1.00 1.55 
9.b 98 0.03 0.14 0.15 
10.a 15 2.75 .0.60 1.93 
ll.b 67 0.58 o.9l 1.43 
12.b 68 0.55 0.90 0.93 
13.a 62 0.'10 0.96 1.39 
14.a 84 o.·25 0 .• 64 0.92 
l5.b 59 o.7o 0.98 1.61 
Jl 16.b 89 0.16 . 0.49 0.66. 
17.a 91 '0.14: 0.45 0.61 
lB. a 78 0.36 0.76 1.14 
l9.b 74 0.44 o.a5..: 1.30 
20.b. 65 0.63 0•94 1.51 
2l.b. 59 ·o. 77- 0.98 1.76 
22.a 71 0.49 0.87 1.34 
23.a 58 0.79 0.98 1.71 
24.b 57 o.so 0.98 1.75 
25.a 57 o.eo o.ss 1.59 
26.a 53 0.t92 1.00 1.89 
27.a 40 1.33 0,97 1.95 
28.a 4'1 1•08 1.00 1.84 
29.b 42 1.27 0.99 1.74 
30.b 49 1.03 1.00 1.83 
(continued on next page) 
161 
Table B. (continued) 
g, Per 
Test ·rtem ([) Cent WA WB 
+> Correct us 
0 
IV, 0 31.a 90 0.15 0.4? 0.58 
- 32.a 72 0.4'1 0.65 1.32 
33.b 93 O.ll 0.38 0.51 
34.a 33 1.59 0.92 2.07 
35.b 30 1.'13 o.as 2.19 
36.a 46 1.13. 0.99 2.15 
3'1.b 93 0.10 o.35 o.so 
58. a 67 0.21 o.57 o.79 
39.b 80 0.32 o.'12 1.12 
40.b 40 1.31 0.97 2.06 
41.b 77 o.3a o.?a 1.13 
d 42.a 72 0.47 o.a6 1.46 
- 43.b 76 0.39 0.'19 1.15 
44.a 68 0.56 o.91 1.44 
45.b 3'1 1.43 0.96 2.30 
4&.a 47 1.oe 1.00 2.09 
47.b 67 1.58 0.91 1.63. 
48.e. 59 0.7'1 0.98 ·1.99 
49.a 48 1.07 1.00 1.91 
50,b 68 o.ss 0.91 1.29 
d 51.a 95 o.o? 0.2'1 0.36 
- 52.b 37 1.45 0.95 2.09 
53.a 61 0.72 0.9'1 1.79 
54.b 25 1.99 . o.e1 1.99 
e l.b 79 0.34 0,'14 1.03 
- 2.b 40 1.31 0.97 1.95 
3.b 69 .0.54 0.90 1.34 
4.a 62 0.69 0.96 1.53 
5.a 69 0.53 o.eg .1.36 
s.b 58 0.79 0.98 1.55 
'l.b 51 0.97. 1.00 1.74 
s.a 61 0.72 0.97 1.48 
9.b 65 o.el 0,93 1.44 
lO.a 39 1.38 0.96 1.92 
ll.b 42 1.25 o.ga 1.84 
12.a 42 1.27 0.98 1.90 
l3.b 44 l.l8 0.99 1.86 
l4.a 44 .1.18 0.99 1.87 
l5.a 50 0.99 1.00 1.76 
(continued on next page) 
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Table B. (continued) 
~ 
J.4 Per 0 
Test Item~ Cent WA wo 
~ Correct 
IV. t l6.a sa 0.19 0.52 0.57 
l'l.a 9'1 0.04 0.19 0.21 
lB.b 95 o.oe 0.29 0.32 
l9.a 67 0.57 0.91 0.96 
20.a 66 0.60 0.93 0.95 
21.a 58 0.79 0•98 1.07 
22.a 35 1.50 0.94 1.27 
23.b 64 0.24 0.62 0.72 
24.a 84 0.24 0.62 o.ea 
25.a 65 0.62 0.93 1.01 
26.b 90 0.15 0.46 o.5o 
27.b 79 0.34 0.74 o.et 
28.a 76 0.39 o.79 o.a? 
29.b 39 1.37 0.96 1.03 
30.a 72 0.45 0.85 o.e9 
3l.a 87 0.20 0.55 0.60 
32.a 85 0.23 o.so 0.65 
33.b 76 0•41 o.so 0.85 
34.b eo 0.32 0.72 0.79 
35.b 87 1.20 0.55 0.59 
36.a 90 0.15 0.47 0.50 
37.b 91 0.13 0.43 0.46 
38.b 42 1.25 0.96 1.04 
39.a 90 0.16 0.48 0.55 
40.a 61 0.72 0.97 1.05 
4l.a 74 0.43 0.83 0.89 
42.a 91 0.14 0.45 0.48 
43.b 79 0.34 0.'14 o.s2 
44.a 94 0.10 0.35 0.39 
45.b 88 O.lB 0.53 0.58 
46.a 84 0.26 0.64 0.68 
47.a 65 0.62 0•93 1.03 
4S.b 52 0.94 1.00 1.15 
49.b 70 0.52 o.es 1.00 
50.b 71 0.49 .. o.e7 0.97 
5l.b 24. 2.07 0.79 0.90 
52.b 73 0.45 0.84 0.90 
53.b 5'1 o.al 0.99 1.04 
54.b 63 0.66 0.95 1.03 
(continued on next page) 
Table B. (continued) 
Test 
IV. f 
-
~ Per 
Item Q) Cent 
~Correct 
0 
55.a 81 
56.a 68 
57.b 43 
5S.a 56 
59.b 66 
so.a- 91 
61.b 28 
62.a 24 
63.b 90 
64.a 56 
65.b 76 
66.b 43 
67.b 66 
68.b 62 
69,a 84 
70.a 48 
7l.b 53 
72.b 11 
73.a 21 
74.a 77 
75. b 91 
l.a 90 
2.a 57 
3.a 94 
4.b 90 
.5.a 85 
6.b 95 
7.a sa 
e.b 69 
9.a 86 
10.b 78 
11.a 81 
12.b 93 
l3.a 92 
14.b 89 
15.a 96 
16.a. 69 
l?.a 80 
1S.b 60 
WA 
0.31 
0.55 
1.22 
·0.83 
0.60 
0.13 
1.86 
2.09 
0.14 
0.85 
0.40 
1.23 
0.61 
0.69 
0.24 
1.08 
0.92 
3.21 
2.29 
0.38 
0.13 
0.15 
0.57 
o.oa 
0.15 
0.24 
o.os 
0.19 
0.54 
0.22 
0.36 
0.30 
0.11 
0.12 
0.17 
0.06 
0.53 
0.33 
0.73 
0.71 
0.90 
0.99 1.oo 
0.92 
0.42 
0.85 
0.79 
0.46 
o.99 
0.80 
0.98 
0.93 
. 0.96 
0.62 
1.00 
1.00 
0.49 
0.73 
0.78 
0•42 
0.47 
0.91 
0.32 
0.46 
0.62 
0.29 
0.54 
0.90 
0.58 
0.76 
0.69 
0.38 
0.41 
0.50 
0.26 
o.89 
0.73 
0.97 
(continued on next page) 
wa 
0.74 
0.96 
1.03 
1.05. 
1.00 
0.46 
0.69 
o.ea 
0.54 
1.07 
0.87 
1.09 
1.04 
1.03 
0.72 
1.10 
1.10 
0.64 
0,90 
0.69 
0.48 
0.54 
1.08 
0.36 
0.55 
0.74 
0.34 
0.64 
1.05 
0 .. 70 
o.8s 
0.82 
0.43 
0.45 
0.60 
0.44 
0.98 
o.83 
1.11 
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Table B. ( oontinued) · 
&>a 
~ Per 
Test Item ~ Oent WA WB 
.p Oorreot Q 
0 
IV • .& l9.b 93 0.11 0.36 0.46 
20.b 63 0.6? Oe95 1.10 
2l.a 90 0.15 0.4? 0,65 
22 .• b 53 0.66 0.95 1.04 
23.a 62 0.70 0.96 1.12 
24tb 94 0.10 0.35 0.41 
25.a 94 0.10 0.35 0.40 
26.b 60 0.72 0.97 1.16 
2'1.b 58 . '0.78 0.96 1.16 
28.a ?0 0.51 o.aa 1.04 
29.a 70 0.51 o.as 1.05 
30.b 91 0.14 0.44 0.50 
3l.a 90 0•15 0.47 0.55 
32.b 18 2.51 .o.e7 o.a4 
33.a !'13 0.46 o.a5 o.sa 
34.b 93 O.llJ. 0,38 0,45 
35eb 90 0.16 0.48 0.57 
36.b 56 o.as- 0.99 1.10 
37.a 24 2.08 0.79 0.93 
38.b 78 0.37 o.*l? 0.94 
39.a 71 0.49 o.ee 0.98 
40.b 94 0.09 0.32 0.38 
4l.a 68 o.59 0.92 1.04 
42,b 20 2•53 0.72 0.8'7 
43.a 93 0.11 0.36 0.45 
44.b 56 0.85 0.99 1.10 
45.b 37 1.44 0.95 1.11 
46.b 64 0,64 0.94 1.04 
47.a 94 0.09 0,54 0.40 
48.b 93 o.1o 0,35 0.42 
49.b 63 0.67 0.95 1.05 
50.a 88 0.19 0.54 0.62 
5l,a 68 0.19 0.54 0.5'7 
52.b 82 0.29 o.ss 0,77 
53.a 85 o.e1 0.58 0.63 
54.a 28 1,86 o.a5 1.04 
55.b 64 0.63 0.94 1.09 
56.a 63 0.66 0.95 1.10 
57.a 95 o.oe 0.29 0.34 
(continued on next page) . 
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Table B. (oontinued) 
~· Per fltl Test Item Q) Cent WA WB 
..., Oorreot as 
0 
IV. 
.! 56,b 94 o.oa 0•32 0.3., 59,a 46 1.11 1.00 1.21 
60,b 60 Ot33 0.73 o.ss 
h 61•b 75 0.42 0.82 o.eg 
- &2.b 94 o.os 0.34 o.·39 
63.a 86 0.18 0.53 0.59 
64,b 95 o.os 0,30 0+36 
as.a 65 0.62 0.93 l.l2 
66~b -91 01.13 0.42 0.48 
67.a 68 0,65 0.90 1.01 
68.a 80 0.33' 0.73 0•65 
69.a 89 o.l'l 0.60 0.59 
7o.e. 69 0.63 0.89 1.01 
71.a 94 o.oG 0.32 0,3B 
72.b 90 0.14 0•46 0.54 
73eb 54 o.ae 0.99 ltl2 
74•b 87 0.20 0.65 o.5o 
75.a as 0.19 0.54 o.63 
7Ehb 92 0.15 0.42 0.48 
77.b 86 o.22 o.59 0,43 
78.b 78 0.37 0.77 o.a7 
79.a 83 0.27 o.ee 0.74 
ao.b 90 0.16 0.47 0.54 
Bl.a 67 0.69 0.92 1.01 
82.b 82 o.2e 0.66 0.77 
83.a 50 1.01 l.OQ 1.20 
84,a 91 0.14 0.44 0.63 
B5,a 71 0.49 o.s7 1.01 
86.b 69 o.55 0.90 1.01 
87.a 76 0.40 o.eo 0,95 
ae.b so 0.32 0.72 0•83 
89.b 79 0.35 0.76 o.9o 
90.b 73 0.46 o.a4 0.94 
91,a. 90 0,15 0.46 o.5o 
92.b 62 0.28 o.6e 0.76 
93.a ·59 0.76 0.98 1.06 
94.b 71 0.50 0.,87 0.94 
95.a 79 o.54 0.74 o.e5 
(eonoluded on next page) 
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Table B· (concluded) 
f:t Per 
'rest Item ~ Oent wa 
.P· Oorreot aJ 
0 
IV. h 96tb 87 0.20 0.55 0.62 
- 97.a 71 0.50 o.e7 0.97 
96.b 67 0.57 0.91 1.05 
99.a 95 o.os 0.29 0.34 
100.a 79 0.35 0.75 o.es 
l01.a 95 o.o7 0.27 0.31 
l02.b 88 0.19 0.54 0.62 
103.b 70 0.52 o.e9 0.99 
l04.a 94 o.os 0.52 o.37 
105.b 83 0.28 0.67 0.,75 
106.b 29 1.77 0.87 1.02 
l07.a so 0.32 o.72 0.82 
108.b 78 o.3s 0.76 o.ea 
l09.b 21 2·23 0.75 0.94 
llOtb 77 0.37 0.77 o.aa 
lll.a 77 0.37 0•77 o.go 
ll2.b Bl o.3l 0.'11 o.al 
l13.a 69 0.75 0.97 1.14 
ll4.a 73 0.46 o.a5 0.99 
ll5.a 63 o.ee 0.95 1.16 
116.a 91 0.13 0.43 -o.52 
117.a 41 1.29 o.ea 1.16 
118tb 42 1.25 Ot SH:3 1 •. 15 
119tb 73 0.46 0.84 0.99 
l20.a 40 1t33 0.97 lt09 
Ta.ble 0 
Table c. · Frequenoy Table of the Item Difficulty Levels Found 
in Eaoh of the Four Subtests. 
Diff. 
Level 
90-100 
80-89 
70-79 
60-69 
50-69 
40-49 
30-39 
20 .... 29 
10-19 
o- 9 
Mathematics 
f 
4 
l 
I 
8 
ll 
).2 
).0 
).9 
Science Soo.Studies 
f f 
l l 
3 5 
7 6 
7 12 
ll l.2 
14 14 
, 
ll 13 
12 16 
3 11 
1 
-
English 
f 
52 
43 
42 
44 
23 
23 
8 
11 
3 
Derivation of the Measure of' Informati.on 
A measure of information should meet two general 
requirement. s: 
l) The amount of information conveyed by a particu~ 
messaea should be the gre~ter the smaller 1 ts 
probabi'lity of ooourrenoe; e.g. i:f a. "yes" 
answer to some question is more probable than 
a "non answer, then a "no"' answer should OO!-UEU' 
more information than a "yes" answer. 
2) The amount of information corresponding to a 
particular pair of symbols should be equal to 
the sum of the amounts corresponding to each 
or the two symbols regardless or the order in 
which they are considered. 
Let us consider a pair or symbols, ~ and ~' and let 
p(a) = probability of~ 
p{b/a) = conditional probability or ~. after 
!. has occurred 
p(a,b) =joint probability or the pair~~ 
According to the above requirements the measure of 
information li must satisfy the equation 
(l) 
169 
Differentiation with respect to p(a) and p(b/a) gives 
H'/j(aJ7 = p(b/a} H'[P(a, bl7 (2) 
(; 
H'i§{b/al7 = p(a) R'0(a, bl7 
where H' ·indicates the derivative of-the function H with 
respect to its argument. It follows that 
p(a)H'LP(aJ7 • p(b/a)H'LP(b/aJ7 = K (3) 
since the equality must hold for all values of .p(a) and 
p(b/a), the quantity K is an arbitrary constant. Inte-
gration of 
H 1[j(aJ7 = K (4) p(a) 
H~p(aJ7 = K.log p(a) (5) 
A similar results is obtained for Hfj(b/arJ. The choice 
of coefficient K is a matter of convenience and amounts 
-
to the ohoiee of a unit of measure. The sign of K must 
be negative in order for the information to be a po-
sitive quantity and to meet requirement (1). Thus 
-170 
H(a) = log pta) (6) 
l/ In general;- the information conveyed by the ooourrenc e of 
a particular symbol appears to be properly measured by the 
logarithm of the reoiprooal of the symbol probability. 
1/- See also Shannon and Weaver,~· cit., pp.lS-22, and 
- 82-83. ' ' ' -
Legend to Figure 4. 
The figure on the following page gives the values ot 
Hn (or weight in terms of method 0) as a function of p1 
(correct answer) for various numbers of choices (n = 2,3, 
4 and 5). The curves represent the special case in which 
the value of (l-pl) is divided eguallz among the wrong 
choices, while p1 varies from 0 to 1.09. Note that when 
p1 is very large, it matters little how many choices there 
are in the item; Hn does not change appreciably. 
171 
2.4 
2.2 
2,0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
o.a 
o.o 
t-'·. 
-' 
-+' -
:-8:-t. 
~ :l+f-
'' 
:fl-1- - ' ;,(.:t - +l . 
~- t+ 
Figure 4. Values of ~as a function of p1 , fo~ 
n = 2,3,4, and 5, when P2*P3=· • ·=Pn 
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